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PREFACE

R T TR,

1. Major projects involving the development of a new storage
and retrieval method, the organization of a fully sutomated library
system, and the design and performance of a comprehensive test
cannot be accomplished without dedicated rooperation 1f such projects
are not endowed with separate funds and space and personnel alloca-
tions. The acknowledgement of invaluable contributions made by many
constitutes, therefore, not soc much a matter of form and politeness,
but of understated truth and heartfelt gratitude.
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2. We are extremely grateful to the members of other research
agencies wvho espent many hours of their precious time Joining in
the evaluation of test questions and retrieval results: Messrs. T.
Henton, D. 8later and H. Sullivan of the Advisory Group on Electron
g Devices, New York, who cume to Washington for these tasks with the
R support of and at the behest of Mr. R. Dewitt, Office of the Deputy
Director Research and Engineering, Department of Defense; Mr. C.
Marsden, of the National Bureau of Btandards; Mr. G.D. Goldstein
and Lt. 8.J. Mathis, Office of Naval Research, Navy; and last but
not least the members of the Air Force Office of Scientific Researck,
Lt. Col. R.W. Conners, Dr. J.T. Ratchford, and Mr. M, Swerdlow,
contacts with whom had been facilitated by Dr. H. Wooster,
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3. Dr. Godfrey Knight, Jr. of the Cambridge Communication
Corporation gave welcome assistance by having all test questions as
well as several hundred documents classified according to the subject
scheme of his organization. A special bibliography and coples of
a great number of documents were the contributions of the Defense
Documentation Center, Our research analysts, six professore of the
School of Engineering and Applied Sciences, George Washington Universiti.,
prepared the concepts under the pressure of deadlines. Their names
are presented nn the subsequent page. However, it 1s our duty to
thank Dr. Louis dePian separately who in addition to the task of
screening and standardizing the analyses prepared by his group has
also contributed to the solutions of different difficult problems.

L, "nly through the support of our Technical Director, B.M.
Horton, could we obtain the cooperation of HDL scientists and engineers
in the preparation, the performance, and the evaluation of our test,

By listing their names below we do not do full Justice to those whose
diligent and careful evaluations and comments exceeded by far the

general assignment.

5. We owe a special debt to Dr. W. Youden, NBS, for the review
of our test program and especially for his suggestions on how to
utilize our control group. Also Dr. B.M. Kurkjian and his team of
statisticians at HDL helped in shaping the test procedure according

; to 4its true objectives. The personnel of the HDL library patiently
and gracefully supported the establishment of the test collection

—




by moving their holdings to provide a special room despite their
desperate plight for working and shelving space; and did join the
ranks of the retrieval operators as a separate group. Mr. William
G. Brown prepared or adjusted the required machine programs. An
outline of his efforts leading to the sutomation of the entire
library system 1s presented as a supplement. Although still very
brief in its present form, it offers a basis for cooperation with

_those working on similar plans and objectives.,

6 Miss Kathleen Rydlewicz completed with great dedication,
unusual skill and deep understanding the numerous administrative
tasks such as organizing the test collection, preparing and con-
ducting the test, scheduling the operations and insuring the com-
pliance with established deadlines by research analysts, comput:r
programmers, key punch and machine operators, printers of forms
and instructions and by all those who performed the test and
evaluated the results.

7. Suggestions by Mr. Theodore B. Godfrey, Dr. W. Menden and
Mr. H. Ogata, all three at HDL, and by Professor Thomas Wiggins of
George Washington University have aided in improving the format.
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Abstract

The first-generation ABC storage and retrieval method, an HDIL.-
developed method that utilizes appropriate standardized English-
language statements processed and printed by a KWIC-type computer
program, was subjected to a performance test at the request of DOD.

This 1s the first descriptive purt of the test report ; a statistical
analysis 1s in preparation,

The four groups responsible for the plans, the performance of
the test, the evaluation of the results, and the stetistical analysis
of the tebulated data were kept separate from each other. With the
exception of the designers of the test and the analysts (University
professors) all operators were volunteers. The designers prepared
the plans and instructions, established the test collection of 350
magazine articles and technical reports on solid state devices, and
supervised the technical operations. Two groups comprising about
4O scientists and engineers of this installation formulated two sets
of test questions (100 from & random selection of the articles and
reports and 3 from a general knowledge of the subjects covered by
the collection) performed the retrieval runs, and pre-evaluated their
own results.

A group of 20 senior sclentists and engineers (including subject
specialists of other agencies) evaluated and standardized all yuestions
and later evaluated all compiled data,

Three methods, two variations of the first-generation ABC method
together with a KWIC-title list, were tested. A control group was
established to discern the bilas possibly introduced by the use of the
test operators' own questions and the sequence of the three test runs,
In addition to the 4O sclentists and engineers (divided into two
groups) mentioned ahove, the six research analysts (University pro-
fessors) and six HDL librarians searched the 13 questions by all
three methods. Therefore, 1632 retrieval sheets containing more than

6000 documents were obtained.

The "relevance" and "recall ratios” will be calculated and used
to evaluate the retrieval method. For this reason, criteris were es-
tablished for the determination of "relevaunce", and procedures
(retrieval loops) were introduced for the identitication of the rel-
evant documents miesed during the test, To facilitate the evaluation,
each evaluator was made responsibtile for subject divisions covering
about 40O titles of the systematically arranged test collection.

Two retrieval runs are described in detail to point cut thue
multidimensional characterirtics and the educational capalility of

the method.
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A cost account of the test and a brief description of the com-
puter programs for the entire system, several of which facilitated
the preparation and reproduction of the various catalogs, ABC
dictionaries, and control tools,are appended. :

The test was performed with the primary objective to spot de-
ficiencies and to develop the second-generation ABC model. The re-
sults are briefly reported. The improved model is characterized by
descriptors of unlimited length, the introduction of facets or
microschedules which produce logical organization of documents under
important keywords, and a decrease in the number of verbalized con-
cepts (or statements). Type of document, level-of-difficulty de-
scriptions and operating parameters of equipments (a feature of the
ABC method) are transferred to card catalogs.




1. INTRODUCTION

In a previous report, we presented an outline of a completely
automated library system.i The data first inserted into the library
system (that is, during acquisition or cataloging orerations) are in
such a form and of such a completeness that there is no need for

any retyping or secondary reproduction to ilssue accession lists,
bibliographies, and indexes; to prepare book catalogs, catalog cards;
and all administrative records requircd to renew periodical sub--
scriptions, to communicate with the book binders; to disseminate and
circulate (charge and diacharge) books, magazines, and documents,

and to recall overdue loans. The system will also autcmatically
prepare purchase orders for items that have been selected, What is
being applied consistently is a very simple principle: that no line
once written to describe an item already in or desired for the
collection will be typed or punched a second time for any other
purpose or operation.

Although we have made considerable progress in writing s=nd:
testing the machine programs for this system (See Supplement) tis re-
port will deel only with one major segment of that system: the
method of evaluating and analyzing iteme in the collecticn and the
procedures developed for organizing, storing, and retirieving them,
This system has been called the ABC (Approach-by-Concept) method.
It has been designed and operated in HDL for the efficient and
pertinent dissemination and recall of very specific technical
information.

We can here emphasize only a few of the characteristics of the
method. It uses the natural language of the scientist and engineer
to index and retrieve information, as the most economical means of
providing meaningful access to the collection. A key to this
method 1s an easily comprehendible but very specific index (dictionary)
of the collection. The collection, needless to say, must be selected,
analyzed, and indexed with equal care,

In obtaining a response to specific probiems or questions, there
is no need for a confrontation tetween the scientlist and the docu-
mentalist (a generalist who tries to interpret the query of a
specialist in terms of a standardized vocabulary). Nor is there a
need for the documentalist to approach the big black box (a computer
or any cther memory device) with a program and a prayer that the
maglic words he has selected will elicit a cogent reply, along with
not too many others, to his client's request. These two steps,
common in most retrieval operations, are eliminated because they are
the primary causes of misunderstan dings, errors and confusion, both
in indexing and retrieving. 1Instead, the investigator himself con-
sults the dictionary of concepts. The lines in our dictionary are

———

lAltmann, B. "The M=dium-Size Information Service; Its Automation
for Retrieval," TR-1192, narry Diamond laboratories, 30 Dec 1963,




henceforth referred to as "concepts" although we recognize that they
are verbul expreesions. The term has been chosen to distinguish
concise, meaningful and self-explanatory statements of control

from other subject approaches siach as subject headinge, uniterms,
descriptors, annotation, etc.

While using the ABC method, the investigator is forced to compare
his original, often hazy formulation of a problem with the standard-
ized descriptions of available informaution. It 1is therefore antic-
ipated that he will increase his knowledge and understanding of the
problem with which he is confronted by refining and restating his
question with greater precision as he makes his way through this
multidimensional system. He will recognize the full complexity
of his problem as he views it (a) in the context of similar, parallel,
or slightly different efforts and achievement, (b) in relationship
to the specific and general aspects of his problem, and (c) in the
relationship to the directly and indirectly associated scientific
and technical flelds, '

During the past year, the study and further development of the
ABC method concentrated on three different tasks. The first task was
tno design and perform an obJective test of the system and to determine
the validity of major assumptions and claims that had been made re-
garding the system. A lesl system was bullt; a test was conducted;
and the evaluation and statisticel analysis of test data has begun,

Members of outside agencies were invited to Jjoin in the
development of adequate and fair testing prncedures, participate in
the actual retrieval operations, and help in evaluating results.
Because of its classified nature, it wus not appropriate to use the
installation's collection and ABC dictionary in the test. Consequent-
ly, a separate test collection was established and special dictionaries
for this collection were prepared for the test.

The second task wns a criticel assessment of the first-generation
ABC method, based on several typical retrieval operations, to substanti-
ate previous claims with resrect to its multidimensional characteristics
and 1ts educational capability.

The third task covered in this report deals with & second-
generation ABC retrieval method. This system 18 based on experierce
galned in the test; on the analysis of difficulties eclentists, sub-
Ject specialists, and librarians encountered ag they used the first-
generation system; and on a previously conceived ideal storage and
retrieval system. This second-generation system superimposes small
logical classification schemes or microschedules upon the existing
formet to streamline the dictionary and facilitate retrieval.

™1 Appendix A, we respond to the request of reviewers of the
first report by supplying the cost figures compiled during the tast,
which may help in calculating the expenditures required for intro-
ducing and applying this retrieval program in a particular agency.




2., THE TEST: A PRELTMILNARY REPORT

The test «. «@ ABC method was conducted at the suggestion
of Mr, Walter C...uon, Director of Technical Information, Office of
the Director of Defense Research and Engineering, Department of
Defense., The work was performed within the budget and the personnel
ceilings of the Technical Information Office in HDL. This will ex-
plain the unavoidable utilization of sometimes reluctant "volunteers"
recruited in our laboratories and, in particular, the delays in
scheduled operations, and possibly, for some unevenness in performance
and test results. Far outweighing these disadvantages, however,
were great advantages: (a) testing of the ABC method by persons with
negative attitudes and a very limited knowledge of the system lends
some credence to such favorable evaluations as may result; (b)
personnel most interested and knowledgeable, connected with research
operations of this type in DOD, AF, Navy, and NBS, participated in
the planning and evaluation phases and provided the necessary ob-
Jectivity and expertise; and (c) it was possible to place most
functions under strict controls, end to identify variables, so that
unbiased evaluations could be obtained.

A requirement imposed on tne test, which might have limited its
scope to some extent, was adherence to certain procedures and methods
that personnel at the College of Aeronautics, Cranfield, England, had
introduced when they, under contract to the National Sclence Ramdation,
compared the relative efficiency of four different indexing systems.2
Only by following the general outline of the 3ritish test could HDL
produce results amenable to comparative analysis. To eircumvent
certain disadvantages in this approach, however, we took the liberty
of additional control test runs and of maeking changes and adjustments
to duplicate situations more common to our experierce.

The basic requirements of the test were obvious: (a) we had to
assemble & representative test collection, cataloged, processed, eand
organized in accordance with the principles of the ABC method; (b) we
had to generate a set of pertinent questions which the collection
could cr perhaps could not answer; and (c¢) we had to establish
standard operating procedures and controls to insure that the test
was valid, and the standards for evaluating 1ts results fair.

ZCleverdon, Cyril W., ASLIB Cranfield Research Project - "Report
on the Testing and Analyseis of an Investigation into the Comparative
Efficiency of Indexing Systems." Oct 1962, Cp. also Altchison,

Jean and Cyril Cleverdon, ASLIE Cranfield Research Project - "A Report
on a Test of the Index of Metallurglcal Literature of Western Reserve
University." College of Aeronautics, Cranfield, England, Oct. 1963,

’



2.1 Test Collection

Because it was recognized that the collection was one of the
eritical factors demanding special attention during the preparatory
phase, we first consulted our statisticlans, who recommended the
customary formula: the size of the test collection should be at
least ten times larger than the number of papers we expected to
retrieve during the various test runs., We intended to formulate and
use at least 100 questions and to obtain an average of three to
four answers so that an adequate basis for determining relevance
and recall ratios would be provided. Therefore, we arrived at a re-
quired figure of 3500 titles; the actual size of the collection
later turned out to be 3650, consisting entirely of journal articles
and technical reports,

We provided for a reasonable recall potential by requiring a
collection in depth; that is, we narrowed (and thereby deepened)
the scope of the subject area to solid state devices, circuits, and
applications., The subject area encompessed a variety of principles
and products, such as dielectric, magnetic, conductive, and photo-
electric devices, their uses as amplifiers, oscillators, switches,
and pulse generators; and their use in communication, control, com-
puting systems, test instruments, etec, The subject area was suffi-
ciently small to permit comprehensive coverage with 3650 items.
Therefore, even though small, the collection provided for a satis-
factory number of pertinent replies to a given question.

Our selection of this particular subject area was prompted by
a number of other reasons: (a) it provided useful, valuable, and
timely information (published after 1959) for persornel of our
inetallation as well as for the information analysts (George
Washington University School of Engineering and Applied Science)
used in the test; (b) 1t made cooperation in the test project more
attractive to the "volunteer" retrieval operators in HDL, since the
subject area was applicatle in their work; (c) it expedited the
critical analysee for indexing because the information analysts
were familiar with the subject; and (d) it facilitated the establish-
ment of en additional tool by introducing a conventiocnal subject
card with multiple entries and abstracts,which very effectively
enabled evaluators to check on the completeness of the retrieval &nd
to determine the recall ratio.

This suxiliary control catalog was based on catalog cards and
abstracts supplied by the Defense Documentation Center (DDC) for
technical reports and similar cards for Journal articles supplied
by the Cambridge Communication Corporation (CCC). This card catalog
wes organized according to a detalled subject classification scheme
- prepared by CCC, The condensed classification scheme 1s given in
Appendix B.




ol e,

RN TS SRS N

The mechanics of assembling the test collection and retrieval
evaluntion tools are shown in Figure 1. The individual items for
the test collection were pelected from various bibliographies
particularly from the Solid State Abstracts published by CCC and
a special bibliography issued by DDC. Reprints of articles were
obtained from various libraries, and reports were furnished by DDC.

~The selected papers and reports were sent to the information
analysts for evaluation and formulution of ABC concepts. The concepts
were then gtandardized and transferred to punched cards, In a
parallel effort, the items were descriptively cataloged, and the
degcriptive titles key punched., Both types of information, the
concepts and the titles, were then combined and transcribed by an
IBM 1410 computer on a catalog file tape following a sort and

merge program.

Using the catalog tape file, a 7090 computer produced eight
catalogs: a and b) two ABC dictionaries, both listing (following
a KWIC program) the concepts as well as the term-letter code
combinations’ (under which the corresponding titles are arranged in
the ABC card catalog) but differing with respect to the number of
alphabetized keywords; c) an ABC catalog with individuel titles and
accession numbers filed under the appropriate alphabetically arranged
asterisk term and code; d and e) an alphabetical list of letter
codes with the concepte they rignified and a corresponding card
file; f£) a card file of accession numbers giving the titles repre-
sented; g) a KWIC title list with significant words rotated and
alphabetized; h) a file of reports listed numerically under the
AD numbers,

In contrast to the "short" dictionary, all nouns, adjectives,
verbs, and numerals were treated as key words in the "long" dictionary.
(The selection of keyworde in the former dictionary was made by the
information analysts during the standardization process.) Conse-
quently, the short dictionary was only half as long. The KWIC 1list
of titles furnished a control access to the collection. The other
tools unessential to the ABC system were generated to aid in the
evaluation of test results.

In a separate effort (and not by a machine process) the abstract
cards prepared and published by CCC and DDC were organized into a
subject card catalog.

jFor samples see Chart II.



2.2 Test Questions ‘ : .

After the test collection had been organized und after Loth the

- ABC and alternative upproaches 10 the collectlion were estuablished,

we faced the formiduatle task of formulating the uppropriate questiouns
for use in the test. If a reallstlc situation was to be similated,
these questions had to te addressed not to the wording of the titles
but to the contents of the test collectlon, and they had to te mean-
ingful in velng concerned with the wctual problems and interests of

our installatinn., Moreover, the majority of the Individuul retrieval
operations had to yleld positive recults ir the capabllity of tie
method was to Le demonstrated, Also, 1t was desirable that the ~ntire
test collection purticipate to some extent in the operation. Reallzing
this, the procedure outlined in Filyure 2 was adopted.

The computer was uszd to select ut random, LOO titles from the
systematically srounized cutalopr of the collection. This was printed
as a list providing ro more information than (u) the subject clussi-
fications that had teen sappli=d by CCC; (L) for Journel articles,
the title of the periodical, vclume number, and page numbter; and (c)
only the DDC accesslion numbters for the reports. From this list, ench
of 41 scientists and englueers, ussirned to the task by request of
th? Technical Direstor (Apperndix ), selected subject areas con-
silstent with his interests trom which to derive test questlons. De-
splite the freedom of cholce (“ivenr to the 1ndivlduals, it turned out
that a1l the sgubjont urons represented in trhe collection and included
in the random lict were well coversd and qulte evenly dictributed.

or

The memvers of tils ¢roup (Ldentitled hience as droup 1)1+ then
selected docume:nts of interest lnsofur as such Interest could be
determined from tie inforwation svailable at that point., The titles
were not known to tiem until tihie ltem wus supplied. They then
examined the text, ana 1f they elected to ure 1t, tormulated o test
question thut would le ungwered by its content, They held lesn re-
minded at the sturt of thils operswfion that becauss ot economic
limitatiore, the {ntormition arlyste could not deeribe or index
each 1ncidentil statement or ench cusual resurk maade Ly tioe authors
but could p:v atrention to and rrovess only such sulstantloel aspacts
as the ohjectives und meticdie 0f the dnvestipatlon; tne de.lces,
compornerts, wtud materiule diccugeea; tuelr propuertlen, procesces,
and instruments; tie pertdrn=nt puarrgesters; and eepeclalls, new results,
This puldonce wos tven 4o orndl ovl wedtten torn Lo fnsurs that onldy

substantial quecstiore would te Sormiluied,

.

The product of euch 1ndividual erfort wie o worded aertion wilen
together with the accession number of the bLusle docunent, and the
worker's name and Luaorstory was  entered or o speroladly prepared toom,

1‘For the variouvs groups, thelr desluntlons vad one i,
gee Chart I.




which with the instructions pgiven is 1llustrated in Figure 3. We
- obtained about 225 questions in this manner. However, a method basing
all questions on the contents of the collection hardly produces =
true-to-life eituation.

To provide a degree of realism, we submitted an outline of the
subject categories covered Ly the collection (Appendix B) to scilentists
and engineers who, btecasuse or their scholarly attitudes, muintained
Yyear-round contacts with our office, and requested them to formulate
additionel questions based merely on their general knowledge of the
subjJect areas of the collection and on their own experience in the
laboratory. 1In response to this request, they provided 36 quesiions
without reference to eany particular document,

We had ar.cicipated that several contributors would choose
identical papers or sutmit|questions similar in formulation or sub-
stance. For these, and other obvious reasons, it was necessary that
the questions, prior to use in actual retrieval operations, be
evaluated, combined, and edited to eliminate deficiencies and re-
dundancies. Therefore, the questions were transferred to an
"evaluation of question" form (Figure 4). To preclude bias in this
process, these evaluative and editorial responsibilities were amigned
to a group (henceforth identified as Group II) of seninr scientists
and engineers. Because we charged them also with additional tasks
of making final decisions and of exerciging controls, we not only
kept them completely ceparate from members of Group I, but also
supplemented their ros.er with personnel working for the Department
of Defense, the Alr Force, Nuvy, and the National Bureau of Standards.
Many Joining this group stipulated that the time required for these
tasks could not exceed an average of & to 8 hours. To comply with
this demand, we increased the membership to about 30.

To enable the membersiof Group IT to perform their assiyned
tasks within the limited time nllotted, the following preparations
were made: (a) The 265 questions were organized by the subject
scheme used in the subject card catalog. (b) The systematically
arranged questions were divided into 10 major sets of 25 o %0 ques-
tions, each set corresponding in theory at least to one tenth of
the test collection. (c) Each set was then assigned to an editorial
team of three, huving an interest in that particular subject area,
(d) The questions were then divided equally so that each member
processed sbout elght questions. The evuluator compared the text of
the suggested question with the contents of the original paper, and
decided to drop, combine, rephrase, or approve the sutmitted
questions. He had the prerogative of discussin; complicuated problems
with members of his team or representatives of the Technical
Information Office, but the decision wus his alone, He could,if he
80 desired, anticlipate results of the test and locuate the titles of
papers applicable to the questions und in generul was in a position
to familiarize himself with thut portion ot tne collectioun ullotted
to him. As a rule, however, the resulls were evuluated at the com-
pletion of the test runs, at which time complete tamiliorit, with
the assigned portion ol the collection tecume neccosar., () Yie



evaluators entered their decision in the space provided on the form
with the question (Figure L4), listing their finally approved version
of the question,

The % questions formulated without benefit of a particular
paper vere standardized only with respect to clarity, pertinency and
adequacy.

As & result of this process, 100 questions formulated by Group 1
vere approved in eddition to the 36 questions formulated without ben-
efit of a particular paper. All questions were transferred to
retrieval forms (Figure 5). Twelve retrieval forms were completed
for each question, to provide multiple retrievals, using various
tools in various sequencies, and by various groups.




2.3 PRetrievul Operatlons

Four different groups (Figure 2) pertormed the retrieval opera-
tions using the identicul set of 13 questions. These yroups includ-
~ed (1) two subgroups formed from those in tGroup I wiiose questlons

had been nccepted (Group 1A and 1B), (%) the informution unalysts
(Grour 2), who had evaluuted the documents and had formulatel the
concepts for the dictionary,und (3) personnel in the HDL Technical
Informution Office (G.ooup 3), who performed general reference '
gervices. Members © the latter two groups were homogeneous and
had no preference regarding subject specialty. Ench wus uateked to
retrieve documents using tools in what was called the normal sequence:
(1) the short ABC dictionary, (2) the KWIC 1list of titles, and (3)
the long ABC dictionary. Members of the two subgroups (1A and 1B)
were agsigned questions in subject nareas in which they had prepared
questions both that they had formulated themselves and that
their counterpart in the other subgroup had prepared. They were
asked to process first their own questions, and then, thelr :ounter-

part's.

The subgroup 1A was asked to use the tools in no:mal sequence
in processing the questions. To provide for additionul evaluations,
gsubgroup B was asked to use the KWIC title list first and the short
ABC dictionary second.

To enforce the prescribed sequential use of tne tools, tue
individual operator received at one time all his questions (each re-
corded on a sepurate form) for testing one of the three approaches,
let's ussume the "short" ABC dictionary. A member of Group 1A with
an average asslgnment of three quegtions of his own, and three of his
counterpart’'s formulaution was to turn in the answers to all his
questions before he could receive a duplicate set for processing the
six questions with the second tool, the KWIC title 1list. The freely
styled questions are not considered at this time, We establishea
this procedure to creaute an interval of ut least one day between tue
two retrieval operations for the same question; and made the assumption
that because of the lapse of time the retriever had forgotten the
alphabetical codes and accession numbers he had recorded during the
first run, and that his previous experience would not influence the
results of the second run.

Although space was provided on the retrieval form (Figure %) for
the basic document, this information was withheld from ull proups in
a major deviation from the Cranfield test. After the basic dorument
had been processed to provide a pertinent question {a process we had
considered artificial and therefore accepted only reluctantly), a
measure of realism was introduced in that the retrieval wuas conducted
freely without knowledge of the "answer.” It wie felt ihat the re--
trieval of the basic paper could not and did nct s=ignify the success
or the end ot the operation, und withholding the ne-cession numter in-
sured this., Later, retrieval of the tasic documen® 1s to le ruted of
major importance only if 1t provided un excellernt ancwer, und of "itt]e
consequence 1f other 1tems retrieved furnicned betPer o mees e ot
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2.4 Evaluation Procedure

In the preceding chapters, we described a sequence of procedures :
and operations intended to produce the test data. Before we continue
with the description of the subsequent phase, the evaluation of the
data, we pause for a brief account of the principles underlying our
procedure and our belief that we will approach our envisaged goal
with the types of data we have assembled.

S s

What we attempted to accomplish was a test of the ABC storage
and retrieval method and an evaluation of its efficiency in terms
which permit comparison with similar systems. As in every operation
of this type, we must create and apply appropriate yardsticks for
taking quantitstive measurements of the performance. Because we
follow the example of the Cranfield program, we will establish two
ratios: (a) the relevance ratio, a measure of the system's utility
expressed as the percentage of useful or relevant items recovered
in a given (or average) test run; and (b) the recall ratio, a measure
of the system's efficiency in terms of its capability to identify or
recall pertinent papers embodied in the collection in response to a
particular (or average) question.

In theory, these are reasonable measurements of the service of
an information office provided that we are in a position to rate an
average performance in terms of user satisrfaction and capability of
locating all appropriate titles in the storage system. 1In practice,
however, this cannot be easily accomplished. With respect to reader
satisfaction, we know only too well that despit- & common interest
in the same subject matter preference with respect to an individual
paper may differ widely between scientist and engineer, physicist
and chemist, Junior scientist and expert, generalist and specialist;
and because his knowledge and understanding have grown, the same
reader may reject today what he cherished a year ago.

The factor .f human fallibility poses enother obstacle to con-
sistent evaluations ard objective comparisons of different storsge
and retrieval systems. Librarians may have acquired materials that
are not appropriate, analysts may have prepared descriptions that are
111-suited, investigators may have been ineffective in describing their
true requirements, and retrieval operators may have missed the correct
approaches to the pertinent information contained in the system.

How can we determine the relative merits of two systems, if, not
only the systems, but also the collection, the analysts, their educa-
tion and exverience, the types of data, the methods of obtaining them,
and the conditions under which it 1is done, differ.

In fact, the views on the validity or the mere usefulness of
tests vary drastically. One can ergue that the difficulties and
differences encountered in testing only reflect the variables present
in all operational systems and should therefore bte dismissed as &
cause for major concern., This would render the comparison of systems
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most difficult, if not impossible. Conversely, one can consider the
variables so disturbing and the possible results so unreliable, that
a test appears to be no more than an exercise in futility,.

When we are exposed to these arguments, we must remember that
storage and retrieval systems are not the only ones greatly influenced
by environmentsl factors and by the quality of human performance,
Nevertheless, man-operated systems, weapone, and ecuipment have nnt
only been tested, but thelir performance ccopureld wiiu tnat of ri--al
systems and eyuipment. .

Test design and test procedures have been greatly refined. When
the enormous cost of modern, complex military systems made it pro-
hibitive to use a large number of units or field tests, the engineers
designed bread-board models of the various subsystems, devices and
components, studled them with greatest intensity, subjected them to
. tests simulaling the operational environment,and redesigned and re-
built them until they exhibited the required performance reliability,

To & great extent, we followed the same procedure in the test
of the ABC method. When the collection hed been assembled and the
catalogs and tools for retrieval and control prepared, we had no
intention of defending "our investment" and proving the efficiency of
the ABC method. For us the entire operation was an experiment rather
than a test, it was the welcome opportunity to subject to vigorous
simuletion the bread-board model we had built, to determine its
deficlencies, to analyze the faults and failures of the total system
as well as of its individual components, to seek new solutions and
especially to redesign or adjust the retrieval methods, to reduce
the human mlstakes and render the retrieval operations of the
informetion-seeking sclentist and engineer (for whose immediate use
they were developed) simpler, faster and cheaper.

In a subsequent chapter, we will present two samples of our
test method to demonstrate the multidimensional and educational charac-
teristics of the ABC method. At the time that these tests were per-
formed 1t was their primary purpose to identify trouble areas and
assist in the redeslgn of the system. This criticel attitude pre-
/alled throughout the entire test period. It was a constructive
operation "mgainust” and not "in favor" of the system.

There is a particular cause for this personal detachment. As
the test progressed at a slow pmce, we discovered deficiencles,
analyzed their causes, searched for appropriate solutions, and rede-
signed and replaced the faulty parts. However, personnel spaces
and other support necessary to retrofit the retrieval system of the
test collection were not available whenever possible improvements
. became apparent. We wvere only able to continue and complete the
test of the model in its original form. When ve passed the half way
mark of the test, mosi of the procedures should have been changed,
and what we were still subjecting to our test procedures was a de-
facto obsolete model,




It was obvious that we became increasingly preoccupied with cur
work on the second-generation ABC method, and that we had no longer
a personal stake or a major interest in the outcome of the current

test.

To insure the reliability of the data ottained during the
official test runs. we orpanized the four groups cf retrievers to
resemble in composition and prcportion the profile of actual users.,
Because the sysiem was designed primarily for the scientists and
engineer at the work bench, they constituted 77.3 percent of the
operators and each (as in reality) was responsible for s relatively
small and specific subject area (that is for about 3 percent of the
entire questions). The George Washington University professcrs were
assumed to represent the senior scientists and engineers; they
numbered only six (or 11.35 percent of the total), but covered 22.7
percent of the total number of questions per person and in numerical
retrieval output, the HDL librariuns (4 reference librarians and 2
catalogers) equalled the group from the George Washington University.

In order to obtain reliamble test results, we had to limit the
human error factor, identify the blas eventually introduced by the
testing procedure, and "obJjectivize" the evaluations. Although we
had assumed the task of determining the capability of the system
as such, we remalned fully aware of the extensive intrusion of the
human element in the preparation and in the conduct of the test.
This necessitated the formulation of standards or yardsticks for
discovering and discounting the questions that were poorly phrased
(in relation to the basic paper), the concepts that were adequately
prepared by the analysts or incorrectly selected and applied by the
retrieval operators, and the evaluations tkat had been influenced by
the bias of the evaluators. The methods used to accomplish these
ends were no different than those usually applied by professional
test engineers: critical analysis, generation of multiple test data
(repetitious test runs and evaluations), and the introduction of
control groups and stringent controls.

The disquieting connotation of relativity and subjectivity
generally inherent in the term "relevance" was removed because we did
not consider relevance with respect to a person or group of persons
but rather by comparison with the contents of a document or the
substance of a question. However, we were not satisfied with these
still elementary methods, and preferred to determine "relevance"
more objectively. We analyzed the conceptusl substance of the
question, attached relative welghts to the various conceptual compo-
nents and their combinations, and used the resulting ecsles ez a
measuring stick.

In the process of these eveluations, we came to a major deficlen-
¢y of the first-generation method. The concepts identified publica-
tions by form (e.g. bibliographies, collections, .symposia, etc.), by
purpose, treatment, and application (that 1s methods of origin such
as analysis, test, design, development, experiment,etc.,) and by level
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of difficulty. As a result of this observation, the second-generation
model (to be discussed in Chapter L) will permit retrieval of
documents not only by subject approach, but also by personal pref-
erence and will therefore improve the relevance and recall ratios
even though subJec*ive standards may be applied to the worth of the
documents.,

The test questions were processed eight times according to the
ABC method. Because the test data taken for each question were.
tabulated on a separate form, we obtained meaningful evaluationa
in a very short time,

. In the eight test runs when all of the operators failed to
produce the basic document, it car be assumed that the analyst did
not provide an appropriate conceptual approach. For verification of
the assumption the evaluator shou d first turn to the table in which
concepts as well as questions are displayed with the titles of the
documents from which they were derived. This table has already been
prepared; together with its analysis 1t will be published in the
report of the statistical results,

If, on the other hand, the basic document was located by one or
more retrieval operations, the instances of failure may be traced to
an oversight by the operator, to the brief presentation of the con-
cept in the short-form dictionery, or to the formulation of the
question.

The tabulation of the results by operator will facilitate analy-
ses of performance by groups with respect to retrieval tool, time
and success or fallure of the retrieval if tue sample should prove
to be of sufficient size; it may permit the identification of certain
individual qualities (educational|and professional background,
reading habits, scholarly attitudes, achievements, etc.) which may
predict the success of an analyst or retrieval operator.

The eight different test runs for each question may help to
deter~ine whether the causes for failure may be traced to the human
element or to the system. The multiple evaluations of the test
results b~ Groups 1 and 2 and the evaluators in Group II will provide
information about the range of personal opinions (e.g. with respect
to relzvance) and will permit & confrontation of subjective and
objertive evaluation.

The absolute or relative vulue of multiple data gained during
the test of a retrieval system cannot be determined before the com-
pletion of the statistical analyses. 1If i1t should be established
that repetitive tests by representative groups of operators provide
4 more reliable basie for evaluations, the repetitive teste should
‘be performed with identical collections to reduce the variables by
one predominant element.
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For the test of our overall library system and for the
economical production of all our different retrieval tools, the cat-
alog of our test collection was transferred to magnetic tape. Copies
‘ of our catalog can, therefore, be provided cheaply and rapidly for
4 use in testing other systems under comparable conditions, In addi-
tion we preserved coples of a number of articles and of all reports
that formed the test collection. In this connection, we would like
to suggest that catalogs of test collections should always be availl-
able for testing of other systems. o

e e S

Control factors and control groups have been used to insure
realistic conditions, reliability and accuracy of data and consistency
of testing procedures. Although we will in these paragraphs limit
our brief summary to controls exercised with respect to evaluation,
we cannot avoid repeating information we have previously mentioned.

S S PR

] ’ The three retrieval loops we developed ere control "mechanisms”
to assist the evaluator in discharging his heavy responsibility
which 18 the recall from the collection of all titles of relevant
papers which the operators had failed to retrieve,
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The most important control was exercised by the members of
Group II (composed of senior scientists from HDL and other agencies
and kept entirely apart from all the other operational groups). It
was their task to evaluate and to approve the questions and to con-
trol the evaluations of the retrieval data in terms of the measure-
ments of completeness and relevance,

Wos e s

Of the retrieval groups, those in Group 1 (the HDL scientists
and engineers) and in Group 2 (the information enalysts) had a
personal as well as professional interest in the outcome of the test.
Therefore, they were allowed to make only preliminary evaluations of
their own results. The evaluators {(Group II), being largely unbiased
observers, were assigned the task of meking the detailed final
evaluations.

P The complete results are presently being tabulated, and

statistical analyses are being prepared. However, the nature of the
results may be inferred from the evaluation procedures which follow.

2.4,1 Preliminary Evaluation Procedure

Preliminary evaluations were performed by Groups 1 and 2
1 according to the procedures indicated in Figure 6. Croup 3 was omitted
from this task.

For the purpose of preliminary evaluation, the evaluation sleet
shown in Figure 7 was used. Entered on the form were the rame of
the retriever, his group or team designation, the question, the
accession number of the basic document 1f one existed, and the




accession numbers of all documents the particular retriever located
during the three rumns in response to the question. The retriever
then evaluated the contents of the retrieved documents, compared

them with the basic document, and checked the appropriate column to
indicate their value: equal (=), better (+), inferior (-), or not
applicable (0). Questions that were not based on specific documents
were graded cu the quality of the answer. The same form was used for
the prel’minary evaluation by the retrieval operator as well as the
final evaluation by the assigred member of Group II. In the letter
case, the accession numbers of all the dccuments identified in re-
sponse to the question (during the 12 test runs) were listed in the
left column of the form. In addition, a separate column was re-
served for the evaluator in Group II to assess pertinent documents
which had been missed by the retrievers. : '

2.4.2 Definitive Evaluation Procedure

The twelve retrieval forms and two evaluation sheets for each
question were returned to the same person in Group II who had stan-
dardized and approved the question. This group evaluated the results
as follows (Figure 6). .

Using the CCC organized abstract card catalog, the pertinent
titles not retrieved during the tes* runs were determined and graded
in the second column of the evaluation form (Figure 6). In order to
accomplish this somewhat imposcible task, the ten teams of Group II
had to acquaint themselves thoroughly with that section of the
collection assigned to them., This provided the basic data necessary
to determine the recall ratio, that is, the efficlency with which the
system retrieved all relevant information in the test collection.

Since it was desirable to determine the cause of the wrong
choices or the wrong failures to choose ducuments, an evaluation of
all concepts used in a given run was made (Figure 6). To make this
evaluation as objective as possible, the following procedure was
followed. The essential elements signifying the contents of a
question were identified, and the combination of them that would have
appeared in appropriate concepts were theorized, Tne theorized
combinations were individually graded &s +, =, -, or O, and the con-
cepts used in retrieving were graded by comparing them with the
theorized combinations. '

This provided a basis for Judging the use of a concept as proper
(+,=,-) or as improper (O) and therefore assignable as an operator
error.

To further illustrate this process, the specific analysis 1s
glven regarding the question: generatlon of l:iigh frequency energy
in semiconductors. The persons who evaluated the concept determined

 first that the different substantive elements were:. 1) high fre-

quency generation; 2) generation tekes place within semiconductor
materials; 3) generation is accomplished by or with semiconductor
materials; and 4) high frequency energy. In this prc egl, the ele-
ments were merely identified and enumerated casually,




In grading or runkling the elements, the tollowing welghtie were
assigned:

+ on the combinution of 1, 2, 2
= on the combt:dinations 1, 3, L4, or 1, 2

- on the combinaution of 1, %
O on all other combinutions arnd on the single elements

Only after the establishment of these welghts or standards did
the evaluator rate the various concepts that the retriever hud used

in the different runs.

In a number of instances, Lie seme combinations of elements
were assigned two different grades, especially = and -, and the
quality of the papers retrieved was used to assign the relative
value of the concept. Inasmuch as the gray urea doubt (-) was
introduced, it can be assumed with a high degree of certainty that
the concepts graded with (O) had been incorrectly selected, and
euch & negative result suggests un operator error that should nst
be held against the system.

Although a subject classified card catalog with abstracts had
been made availatle, the evaluator encountered a difficult task in
locating all titles in the collection related to the formulated
questions. To ensure as thorough a Jjob as possible, additional
tools were provided as shown in Figure 8, and the following procedure
vas indicated,

The evaluator was to first turn to the ABC dictionary to find
additional approaches missed by the members of the three retrieval
groups, and 1f successful, was to follow the standard retrieval
method; 1.e., he noted the respective asterisk-term and code com-
bination and checked the pertinent titles in the ABC card catalog
gI). The tools and catalogs are identified by the Roman numerals

Figure 8). This first step could well yield new useful information.
If additional concepts were recorded at the bottom of the card in the
form of asterisk-term code combinations, he was to determine the
complete text of the concept using a 1list of concepts with thelr
codes arranged in alphabetical order (II). If it appeared to be
applicable and was missed in the test retrieval runs, he was to
return to the card catalog to complete this loop. He was to con-
tinue in this manner as long as nev aaterisk-term and ccde com-
binations turned up in the card catalog and until new titles could

no longer be located.

He then utilized the second loop. From a very comprehensive
alphabetical index of subject headings prepered by CCC, the evaluator
wvas guided to the respective esubdivisione of the sublect card catalog
(II) where all related information was combined. This catalog consisted
‘of multiple title cards with full-length abstracts and numerous cross-
references arranced according to a logical scheme, CCC hLad
created this system and had aleso give:n our project mos* alintle
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assistance by organizing the DDC reports in the test collection as
well as our test questions in accordance with this scheme,

When the evaluators discovered a title in the indexed sub-
diviesions that seemed pertinent, they could frequently determine its
relevance by the abstract alone. They then noted the accession
number, which was used to identiiy the combination of asterisk-term
and code under which it was filed in the ABC card catalog. This was
accomplished through catalog (IV). Following this, they examined
the ABC card catalog (I) for the location of secondary concepts
and exhausted this loop as before. These steps were repeated as
often as new subdivisions and new titles could be found using the
sequence of subject card catalog, new asterisk-term and code com-
binations, and the ABC card file.

Finally, the evaluator entered the third loop, screening the
KWIC title list (V) under all possible pertinent and significant
terms, If he was succé€ssful in finding an item omitted, he was
to record the accession number printed with each rotated title. As
in the preceding loop, this number would lead first to the title
catalog (IV) with its asterisk-term and code symbols and second
through the code to the ABC card catalog (I) where he could find
s2condary concepts to close the loop.

Whenever additional titles were found by any one of the three
described recovery methods, the contents of the recalled materials
as well as their underlying concepts were to be rated according to
the same standards used to evaluate the original findings of the
retrieval operators, :

Although this rather elaborate scheme was provided and followed
in a number of cases to obtain all epplicable documents on a given
question from the collection, in practice, the method was found to
be much too repetitive, Therefore, the evaluators primarily relied
on the second retrieval loop. '

2.4.3 fTabulation of Deta

The statistical data and their analysis will be presented in
great detail in a subsequent study currently under preparation.

In this preliminary discussion of our testing procedure it will
nevertheless contribute to a better understanding of our efforts
if we describe briefly the test data being processed for final
analyeis by the statisticians, On a surmmary tabulation, there are
three major considerations:

1. The retrieval of documents for 136 questions by 4 different
groups, each applying three different tools or methods had yielded
1632 retrieval sheets with a minimum average of three responses on
each; in other words about 5000 data had to be organized for mean~
ingful analysis;
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2. data recalled had been evaluated twice, by the
retrieval operators5 as well as by Group II, for quality and
pertinency with respezt to the basic document used for the
formulation of the question. If a document was not used to
formulate the question, then the evaluation was with respect to the

- obJectivity and scope of the question itself; and finally the con-
cepte chosen by the retrieval operators had also been rated for the

purpose of making allowance for human errors;" and
3. test had as its muin obJective the evaluation of the

system in its realistic environment, so that this natural environment
and its tolerance of human error had to be determined.
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. The test data car, therefore, be logically presented on ihree
types of forms: the first (Figure 9) providing all the responses
given to one particular question; the second (Figure 10) furnishing
the evaluated results obtained by each individual retrieval operator
using each particular tool; the third (Figure 11) summarizing the

results by groups of operators,

R

The first form listed the question and idertified (whenever
applicable) the bamic document and its concept. The test data were
tabulated separately for each of the four retrieval groups by giving
the total (N?aof the documents recalled or concepts used in every
run and the evaluations by retrieval operators7 and by subject spe-

cialists (Group II).

P S T

In the retrievals by Group IA end IB, there were two possibilitles

: of working with either thelir own or their counterpart's questions.

This is provided by the "cwn ques.” or "other's" lines. 1In each case,

; the concepte are always those of the particular retrieval operator.
Thug, for each retrieval group and each retrieval run the concepts
actually selected were evaluated. The results are entered on the
third lire of each block under the heading "Subject Specialist.”

5&‘he librarians (Group 3) had been excused from this task.

6This method wasg applied also to documents retrieved Ly the
KWIC-Title 1list.

7'I‘he librariane (Group 3) were excused.
8For the 36 free questions the documents reirieved were re-

evaluated by a menber of Group 2, the information nral ets. iiils
; evaluations (rluures in parentheaes) wvere recorded:; Tne »acept
| nvaluation 1e¢ on the second line, the docine ' ~eloatdnr o oo
: ‘hird 1drc.




The compilation of this form permits question-by-question com-
parisons of the results by the four operator groups in numerical and
qualitative terms, determination of differences of opiniona given
by operators and members of the control group concerning the t2st
results, comparisons cf the evasluations of the documents with respect
to the quality of the concept through which they were located, and
finally the determination of the relevance ratio.

On the second form (Figure 10) the results were organized by
individual retrieval operators for each of the retrieval toole
employed and each of the questions retrieved. In Column (1) the
questions were identified; a distinction is made between questions
s (with) and b (without source documents); the question formulated
by the operator were identified in Column (2; The number of
documents recalled were entered in Column (3 the average time
(ninutes) spent, in Column (4). In Column (55 the recall of the
source document was checked. The evaluations uf the documents
by the operator were entered in Block 6. Block 7 was used to enter
the evaluations by Group II of the concepts; and disregarding documents
under O-concepts, Block 8 was used to evaluate the remaining documents.
In Column (9) the number of pertinent documents missed during the
retrieval run, but located by the member of Group II, was listed.

The relevance ratio was entered in Column (10); that is, the ratio
of the sum of the items rated + = or - in Block 8 and the number of
the 1tems listed in Column (3); and the Recall Ratio was entered in
Column (11), this is the proportion of the total of the +, = and -
rated items in Block 8 to the total number of the relevant documents
in the collection,

The subtotals and totals for the data obtained in answering the
queations formulated or nct formulated by the retrieval operator
were computed

This form therefore permits the determination of the following
information: a. Relevance ratio; b. Recall ratio; c¢. the relation-
ship between quality of results and length of retrieval time; d. the
percentage of instances when the basic documents were not recovered;
e. the percentage of instances wvhen papers having gre:..er value than
the basic document were recovered; f. the relationship between quality
of the concept selected and the quality of the output; g. the range
of operators’' and Group 1I's evaluations; h. the extent of blas pro-
duced by the use of the operator's own questions; 1. and the differ-
ences of results caused by different retrieval tools computed for
individuals as well ac for groups.

The third form, the summary sheet (Figure 11), will facilitate
a fast review of the results obtained by the four groups using each
. of the three retrieval tools. I{ will show the actual number of
documents retrieved, the average time spent per document, the number
of the busic documente retrieved as well as elimination of zero
concepts, and whether the questions used were those of the operators




or not, Moreover, all pertinent documents in the collection but
" not retrieved during the retrieval run were listed ir the "not located”
lines with the required notations and rating:.

- ‘Most of the rallos resulting from informatior. enumerat2d in
' Figure 10 will be determined more rapidly from this summary sheet.




3. THE FIRST-GENERAUTON ABC METHOD IN OPERATION

-

3,1 The Multidimensionsl Format

We enumerated among the various characteristics of the ABT |
method its capability of simulating the multidimensional forma+ of
studles that denl with different dlsciplines or with a variety of
hierarchicul levels witain one or several organizational structures
of science, teclrnclogy or other professional endeavors. Such a
claim may have uppeared to be presumptuous for a number of reasgons:

(e) The presertation of the ABC dicticnary had linear dimensione
as does any vwritten or printed matter.

(b) Because of their lineurity, most generally acknowledged
schemes and methods of subject organization fall to provide adequate
epproaches to modern scierntific anrd technical information, and in
particular, to reports on such creative rzsearch alcng unforeseen
border lines and within arees where disciplines that were once con-
sidered far apart now mee=t or overlap.

(¢) Our claim was made without substantiation. Rather, we
vere compelled to postpone explanatione and detailed proof until
this time, when the dictionary of the unclassified and fairly rep-
regentative tesc collection gives us full freedom to point out
methods of approach, procedures, capabilities, and responses.

_ The example glven in Pigure 1z 1llustrates the retrieval
operation of a sclentist whbo approached the collection with the pur-
pose of locating informution on computer memory and switching devices.
The ABC method provided him with: the choice of starting his search

in the dictionary under the terms: computer, switching (switches),
or memory, 1Iun this instance he turned first to concepts cluetered
eround the word "memory"; there he located the statement listed as
Al0 on the cuert, which will te called the primary concept. Addi-
tional concepts, clustered around "memory" were easily located
nearby. Each of these concepts (through the combinations of asterisk-
terms and letter codes, which are not indicated in the sample) guided
him directly to the card catalog where he found the complete
biblingraphic descriptions of the papere coucerned with the well-de-
fined, specific subJects, Because our scientist was convinced that
the concept "AlQ": "State of the art of ferrite-core and magnetic
thin-f1lm menory device" clarified his original seurgh problem,

he used the important content terms: "ferrite-core," '"magnetic" and
"thin-f11m" as new clues when he continued screening the dictionary.
Durir; this second round, he identified 31 additional concepts
(B1-)1, C1-8, D1-12) aus fUrther expansions and refinements of the
first very general, broad definition of his problem, and thereby
increused his background information through the instuntuaneous .
sceess to the related, referenced literature. This retrieval process
was accomplished in & very short time. Our sclentist, therefore, de-
clded to push his search into the third stage. In the "ferrite-core"




cluster (B), his nttention wus called to a specific detail of his
design problem: "Transistor ferrite-core amplifier as loglc-
circuit for switching equipment (Bll)." Again he followed the leads
provided by this concept, seurching two additional aspects:
"logic-circuits” and "switching," He could have selected the latter
term "switching" at the sturt, but omitted doing so, without lasting
detriment to his task, because loops or links lead from each im-
portant cluster or facet to all others related to them. Thie third
proliferation of the search yields 13 more concepts (El1-7, F1-6).

If we assume that our scientist abandons his retrieval efforts
at this point (after he has spent about 10 minutes screening the
dictionary), we can point to scme of the discoveries he has made
during this brief interval. ;

He has collected informatio: on ferrite-core, megnetic, magnetic-
core, magnetic-disc, tnin-rilm, tunrnel-dlode, and superconductive
memory devices, on applicable switching devices of varlous types,
designs and characteristics, Hc has found leads to literature dealing
with components and materiels and with different principles and &
variety of applications. He was gulded to the subject of "logic-cir-
cuits,"” which wes not verhbally expressed in his original query, and
to particular related aspects (materials, components, designs) and a
bibliography on the methods of using magnetic logic circuits.

This example demonstrates the great flexibility of the system.
The very specific concepts are coordinated in a t.road program in a
meaningful manner., In most instances, the innumerable links and
loops assist in the continuin,’ refinement of the hazy and ilncomplete
statements of the problem and provide guldes to a variety of solutions
(principles, methods, and designs) and possible applications. While
broweing through the dictionary, scientist and engineers adjust and
supplement their original search strategies and objectives. They
gain in knowledge and understanding as they screen the combinations
of concepts and of facets of concepts, and perceive their problem,
not only in its true scope but alsc in its relations to other sgimilar
parallel or overlapping efforts and disciplines (See Figure 13).
Because the ABC method has the cupabillity of tying together specific
subjects and methods pertaining to different dieciplines, it matches
the multidimensional structure of modern science and tecknology, de-
stroys the walls separating specific subject areas from each other
as happens in conventional systematic arrangements, and stimulates
creative work and thinking.

3.2 The Educational Capability

The eecond example (Figure lba through l4e) 1e concerned with
the search by an engineer who wanted to obtain introductory and more
specific information on microminiaturization techniques for high-
frequency amplifiers. The problem in his mind was general and
ill-defined when he approached the ABC dictionary. He started his
search under the broudest of the content terms he had included in
his initial statement, the word microminiaturization,




The five concepts ( Figure 14) Al - 5 led him as
could be expected to documents of such general nature and information

as state of the art surveys and bibliographles (1,3,5), terminology

and definitions (4), and components, devices and circuits (1,2,5).

More important than the publications represented by these concepts

and made available to him without delay through the ABC card catalog
were the additional significant key words with which he became familiar
when he rapidly scanned the concepts listed underthe teim: micro-
miniaturization. He found in succession: semiconducting devices,
molecular electronics, thin-film, and integrated circuits. He knew,

of course, that these subjects were of great importance to his problem
but had not included these particular terms in the original formulation
of his problem. With his memory refreshed, he continued by selectinyg
for the second round of his search the last located content word:
"integrated circuit.” '

If we had looked over his shoulder, we could have followed him
in the fast advance of his efforts as he jotted down (from Block B) con-
cept codes leading to bibliographies (15), surveys (14), information
on terms and definitions (16), genural aspects of systems (10), and
circuit design (18), components (12 and 17), packaging (13 and 19),
and finally his main objective, amplifiers and amplifier circuits
(6,7,8,9, eand 11). During this scanning period his attention was called
to the key word "micro-electronics" (14) and without stopping, he turned
to the listings under this term in the dictionary.

This third key word (Block C) provided him with approaches to
state-of-the-art surveys (2%, 28, and 35); among them one on Soviet
developments (29), on microelectronic systems (30), on amplifiers,
his subject of primary interest &20, 22, 31, and 37); on components,
active (39) as well as passive (24 , 3 and 46), on different techniques
(or types of solutions) such as thin films (41 and 42), integrated
circuits (35), and printed circuits (25, and 43), and on a variety of
other aspects, e.g. pauckaging (32), interconnections (21), thermal
effects (23, and 34), and reliability (26, and 33).

Because our engineer encountered the key word "thin-film" several
times during his screening operations (28, 24 and 5), he decided to
spend another few minutes with the concepts related to this particular
subject, ’

The resulte were fast-compiled (from Block D): concepts for
bibliographies ((5), state-of-the-art surveys (€6), circuite and circuit
construction (50, 57, 59 and €3); amplifier circuits in particular (46
50, 51, S4% aund €2), passive components (LkL, 45, 47, 48, 53, 61, and 6&5
us well as active ones (52, 55, 62, 67, and 68), preparative techniques
(58, €0, €4, 69, and 70) and on noise (59) and packaging (49).

Our engineer stopped his search on this point because in about 10
minutes he had pgained access to and had accumulated a great number of
pertinent, valuable studies and papers that inform him of the state of
the art and various techniques arnd assist him in preparing his own
tetter substantiated and more persuusive plan of operations,




Because it is significant for the consistency and the educational
quality of the ABC m2thod, we will outline very briefly the search
. strategy that would have developed if our engineer had started his
search with the second broad term in his first formulation of his
problem, the term amplifier,

We omit the analysis of the various types and aspects presented by
the concepts concentrated around this term (in Block D), but point
only to such different key-words as circuits (89), microelectronic (86)
and thin film (88) to which this second approach would have guided
our searcher.

Because these were the key-words he had used in his actual search
process, we can conclude that an investigator with a conscious
or subconscious obJjective in mind will bte guided to 1dentical
results whatever key-word he may select as his first approach. The
subject descriptors or concepts are so completely interlaced that if
. he picks the most general term, he will in the progress of his search
encounter the more specific terminology which describes systems,
circuits, devices, comporents, materials, manufacturing, processing and
packaging methods, applications and environmental factors or any other
factor closely or loosely related to the subject identified in his
original formulation; and if he starts with the most specific descrip-
tor, he will encounter the more general aspects, the principles and
applications as well as the relations to other subjects or dAisciplines.

The method lends support not only to the memory of the retrieval
operator but also to that of the person responsible for the standard-
ization of the individual concepts at the input time. We mentioned
in our first report the toole (dictionaries, thesauri, etc.) used by
us to assure consistency in terminology. However, the best prepared
SOP's cannot prevent the inclusion of synonyms or near synonyms unless
the research analyst or the person revising the concepts remembers the
established rules. While 1t {s difficult in other systems to detect
a faulty input, the ABC dictionary combines in homogeneous grours
such similar expressions as molecular electronics, microminiaturized
circuits, 2D circuits, micro-electronic circuits, miniature circuits,
integrated circuits, etc, thus enabling the editor not only to establish
rules for standardization, but alsc to apply the rules (whenever they
may have Leen occasionally forgotten for a particular input) by simple
and inexpensive corrections or by introducing useful cross references
into the ABC dictionary, Prior to these corrections, a mistake will not
impair the retrievel tLecause, the fabric of the system, its modes and
interconnections will guide the investigator to every aspect of the
analyzed and verbalized information.

25'



4, CHARACZEEISTICS OF THE SECGWD-GENERATICN ABC SYSTEM

Briefly, the ABC system in its present form, 1s based on two
tools: the ABC dictionary und the ABC card file. The ABC dictionary
is a 118t of concepts specifying the various types of information in
.the collection. The card cutulog gilves the title, accession number,
ete,, of each document, We must, however, emphasize that the ABC
method furnishes immediate access to avallable pertinent literature
once the proper concepts are found. It would, therefore, be logical
in principle to incorporate the accession or location symbols of
the analyzed documents in the body of the dictionary under the con-
ceptes to which they pertuin, But it 1s certdinly more practical
to provide this information in a separate listing arranged alphabet-
cally by codes identifying the concept. In the latter case, the
investigators having selected certain concepts in the dictionary will
merely note the letter code and without interruption turn to the
described 1list of document accession numbers and use them in requesting
the documente,

In the first-generution system, this listing of docvments and
accession numbers in the forn of a card title file (organized by
asterisk-term and code in alphabetical order) is not a return to
another form of the conventional subject card catalog. This format
was selected for two reasons: (1) to introduce :he reference
librarian to the ABC method, and (2) tou give him as well as the sub-
Ject specialist an additlional opportunity of refining his request.
If the evaluation of the documents wans properly made, any refining
could probably be made not so much on the basis of the title as on
personal or corporate author, publication date, size, or abstract,
if given.

In this context, the inevitable difficulties or shortcomings
of the first-generation ABC dictionary and card catalog can be
discussed along with their solutions, nnd additional refinements
can be proposed. They resolve themselves specifically into the
introduction of additional evialuative information to provide m
further baslis for selection and tne redistrittion of information
in the ABC dictionary and the eard catslor;, so that the former 1ie
made a still more efficlent and effective tool and the latter Yecomes
& more meaningful part of the retrieval system,

L.1 ABC Dictionary

A coordinator and planner of activitles concerned with scien tific
and technical information coutrol h s recently stated that "...lan-
guages, especlally eemantics, are not amenable to simple algorithmic
representation...” and that "...any ordered pattern tased upon
languapes or semantics must be at least ns difficult to represent as
the language is..."9
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The truth of this observation is the vexation experienced in automating
the menagement and dissemination of scieitific and technical informatlon.
We place it at the head of this section for guidance.

If it 18 time-consuming and expensive to develop an adequate
ealgorithmic representation, to organize all new information for stor-
age ty applying its signs and symbols, and to translate all requests
into the same artificinl language prior to any retrieval operation,
if planning and programming for thece input, throughput, and output
activities absorb valuable manpcwer in great quantity, and 1if
scientists and engineers encounter delays when their queries must
be interpreted, programmed, and processed under the rules of such
a system, one can logically conclude that it i1s desirable to search
for simpler, cheaper, more direct, and more effective solutions;
vhere financial meens are lacking for the time-consuming spproach,
this is absolutely necessary.

It was this challenge that led to the initial development of
the ABC method, to the elimination of the two-way translation problem,
to the reduction of algorithms to a bare minimum, and to the utiliza
tion of natural language. A computer program was applied only to
provide the tools permitting access to a collection through the medium
in which scientists and engineers have learned by education and
experience and have been accustomed to think, to speak and to write.

The language is the language of the handbooks and textbooks; it
is the language that expresses clearly and without difficulty the
true complexity of the problem at hand, depending on the number of
characters that can be permitted for a given statement. Moreover, it
is the up-to-date language of the speclalist, adaptable to changes
in meaning, to the instantaneous additions of new worde and concepts,
and to the elimination of the superfluous ones. Despite all this,
this method facilitates standardization through automatic and complete
cross indexing, and preliminary or hastily introduced terminology
can be easlly detected and replaced with an accepted standard form.

In addition to the improvement of standardization with respect
to terminology (content words as well as function words) the automatic
eross-indexing provides for the interlinking of the entire subject
matter presented in the analvticanl concepts. Without human effort,

the bridges are built leading from one discipline to another,
from the specific to the general, from the most general, sometimes

hazy approach to the more speclific one, from theory to systems and
applications, and from broad engineering aspects to the means of
realization: the devices, circuits, components, and underlying

principles.

This 18 not to say that the standardization 18 easy and adequate
or that the system 1s without disadvantapges., The filrst-generation
machine program completely organizes the standardized concept-
phrases thoroughly, accurately, and expeditiously in an alphabetical
arrangement of all thelr key content words. It further provides
for a secondary grouping under these keywords by alphabetizing the
60 ietters after the keyword. If the preposition and the syntax
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were completely standardized, we could, under a g¢iven keyword, obtain
groups dealing with such homogeneous aspects as environment, applica-
tion, structure and composition. However, the terminology and '
syntex are not so standaurd as to provide sutisfactory grouping

under keywords broad enough to include puges and pages of concepts.
This standurdization problem is essentially the same one encountered
in the automatic machine translation of languages.

We prepared preliminary rules for the standardization of lan-
guage and syntax, but recognized soon that any interpolation of
adjectives and other types of qualifiers would disrupt the grouping
of logically related ideas, despite the most careful planning. When
the prediction 1s realized that "...computer adaptability will also
esoinclude the capability of processing natural English text at a
level of sophistication now possible only to humans" and when
programs are avallable that San stand: *?*1ze the concepts written
by the individual analysts,l the human efforts currently spent
in this respect on the ABC (as well as on any cther system's) input
will aimply be terminated and replaced by automation.

Because extensive studies ure bteing undertsken and programs
are being prepared for the standardization of English texts to
facilitate machine translation into foreign language, we assumec
that the results of these endeavors would assist us in bringing the
concepts prepared by a number of experts into a consistent and
useful format through alphatetic ordering under keywords.

We discussed our problems with experts working on the automatlc
generation of standardized texts, but concluded that we could not and
should not burden our already difficult task with complex and extremely
costly programs which, according to the best estimates, would not
become operational before the end of a decade. We could not afford
the lwury of investing large sums in fuscinating, but still unpre-
dictable investigations; and, still more important, we could not
postpone our solutions for many additionul years. We decided that
vhat can be accompliched ehould vte accomplished right away; and
this in as eimple, pructical, und economical munner as possible.

We recognized that certuin disruptions introduced by automatlc
alphabetization rad to bte eliminated, and concepts that .rapidly
accumulated in the ABC dictionary under broad and significant con-
tent words such as amplifiers, antennae, dlodes, lasers, oscillators,
piasma, transistors, etc. te orpganized for rapid and easy location.

Theretore, work was undertuken to prepare a practical, flexible
scheme for grouping in suhdivisions the information under the

IGSimmons, Robert F; $Bheldon Kleln; Keren MeCoul one, Co-
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different important keywords, to prepare a program capable of listing
the same concept under at least three of the logical subdiv.sions

of such a special superposed scheme whenever desirable and to
automate all clerical functions, such as the reproduction of the re-
quired numbers of concepts, the filing of the concepts into the vari-
ous subdivisions, and the printing of the organized sectione and
subsections of the ABC dictionary.

Under the present plan, the number of subdlivisions in one
given scheme is limited to €76 because of the wo-letter code used
for identifying them in the machine program. These codes (alpl.a-
betically arranged) for each subsection into which 1t is to be
inserted are added to the respective keywords of a concept.

st g g

‘ The machine program will insure the following computer

¢ operations: 1) alphabetization by keywords; 2) recognition of the
different codes attached to them; 3) reproduction of the required
number of concepts; U4) arrangement of the concepts by the code symbolsj
5) insertion of the headings ahead of the subdivisions (corresponding
to the code) from a second tape; and 6) printout of the subheadings
and concepts in order and eliminating the codes from the printout.

et

With the assistance of Dr. Louis dePian subgroups or subject
schemes (microschedules) for 30 different keywords have been
introduced.

To illustrate the improvements we can expect from this change,
we analyze a small number of the concepts organized by the content
word "smplifier" as they were published in the first-generation
ABC dictionary (Chart II). The deficlencies are quite apparent.

The alphabetized keywords followed by a comma, period, equal
sign, asterisk, etc. are separated from those without subsequent
marks or symbols. Whether the function word "to" introduces an
infinitive or serves as a preposition is not considered; it is there-
fore a link between quite unrelated concepts. Because the machine
program 1s geered to effect alphabetization behind the keyword (that
i8, to the right of the break), the reader'r eye will get used to
scanning this segment of the line exclusively in tryirg to find
appropriate concepts, and will tend to mlss the concepts that end
with the keyword. With the introduction of microschedules, this
disarray of individual concepts caused by mechanical alphabetization
and inconsistencles in standardizing concept terminology and syntax
is eliminated and replaced by the subject organization in Figure 15.
For exsmple, the concepts organized under the key term, Amplifier,
in Figure 14 will be presented in the followin;; format:

Amplifiers - gencral )
Multistase -
Concept 93

Amplifiers frequency
Radlo frequency

L___’




Amplifiers-function
Intermediate frequency -
Concepts 94, 99

Wldeband - _
 Concepts 91, 96
Linear -
Concept 95
Low-noise -
Concept 87

Band-pasg -

Concepts 89, 90, 97
Amplifiers-mode of operation
Tuned - |
Concept 90

Parametric -
Concept 98
Amplifiers- active element
Tunnel - diode -
Concepte 87, 88, 92

The individual concepts would be printed out fully under the
subdivisions alphabetically as they presently are,




It is obvious from thls exumple Lhat the orjunivation of Lne
second-generation dictionury will preatly simplify and cpecd up ol
~retrieval operantions. The ndditionel encoding will dncrence the

input cost slightly. However,there 1 no need for also cncoding
the inquiries, u requirement tor retrieval trom w collection
organized by u coordinate indexin; system nnd turdened by the
additions of roll and link indicuators,

Two additional ftormut chunges wre desipned Lo luprove the
appearance and usefulness of the dictionnry. Pirst of wll, we
will eliminate the length restriction of the individuual concept to
one line. A new program in prepuration will asccommoduate coucepts
of any length. Second, we will print the concepts in & different
arrangement (Chart TII as an example; n final cholce has not
yet been made), with double printing to produce n bolder type face
for the headings.

Although the secondnry or;-unizantion of the concepts around
the key term will be mainly accomplished by superposed subl ject
schemes, we will continue workings on the vefinement of our rules
for concepting. Something other than the rule that nan overall
concept must Le prepar~d to tie torether the wanrious different con-
cepts assigned to nne paper is needed. 1In addition, we will give
conslderal:le attention to the stundnrdizatlion not only of the
terminology, but also of the syntax us soon as practical resnults
are available througsh the research on penerative prammar and asuto-
matic translation methods.

4.2 Second-Generation Card Cataloss

Another ma jor obJjective of the second-pgeneration ABC method 1is
the reduction of the dictimnary to the smallest possible size by
moving some information to the card catalog. The maJjor items
scheduled for this operation are parameters and descriptive in-
formation; e.g., form of the publicnation, its level of audits
difficulty and its method of aprroach and phase of research,

4.2,1 Parameters

In discussionr of engineerings dnta, the main emphasis is
generally placed on the selection of manufactured materials, components
and devices; thnt {g, shelf items which meet stnted requirementes for




the operation of puarticulur gystems or suloyotams weler e cbopec
or in production., Provisions are rarely mude for sclentists and
research engineers in search of information on the performance
capability of available hardware, let alone items still under atudy
or in the development phase. HDL research personnel have frequent-
ly insisted that the contents of sclentific and technical reports

and published letters be analyzed and o.ganized for access by such
parameters as frequency, power, current, voltage, particular environ-
mental factors, efficiency, etc. to facilitate the construction of
prototypes and models incorporating tle best or latest components.,

We could not ignore these eloguent requests because we
recognized that in the near future any efficient retrieval systems
for scientific information must also poesess the capability of
fitting into an overall scientific environment and of supplementing
the reference systems for engineering data by supplying sclentists
and engineers with the data of not yet completed items,

By way of form, Mr. M.M. Algor, an electronic engineer at HDL,
suggested a simplified notation of parameters. The numerical
values, for exampls of a frequency, usually expressed as F = n x 10K

- Hertz (n being a number composed of two or more significant digits,
k the appropriate, either positive or negative, power of the base
10), would be transformed to F = n (k). Finally this would be
abbreviated to FnPk or FnNk where P and N denote a poeitive or
negative value of the exponent and, in addition, separate the digits
of n from the numerical value of the exponert k . He also pointed
out that the same method would make 1t possible to¢ encode any
numericel parameters at the cost of no more than 7 digits or
characters. His suggestion was applied to the writing of concepts
(Chart IV).

Such significant parameters as frequency (F), current in amperes
(A), magnetic field in gause (L), energy in electron-volts (E), power
in watts (P), acceleration in g's (G) etc., were identified and thelr
code symbols (combinatlons of capital letter snd nunerals) were
inserted with concepts either like adjectives in front of the term
they qualified or at the end of the entire concept to which they
pertained.

Although various metnods of simplification and standardization
were suggestel durlng conrerences bLetween HDL and GWU, mary de-
sirable changes had to be postponed to avoid further delay in the
publication of the ABC dictionary used duriag the test.

At this time a detalled SOP has been drafted to govern the in-
clusion of parameters and their numerical values into our information
retrieval program. The parameter degignaticns and the btas’c units
to be used have been determined, and the pregentation of nurerical
values has been standardized,




However, the inclusion of the parametere in the ABC dictionarv
as well as the form entries (e.g. bibliography, survey, etc.) 1is
undesirable as may be seen from the following: Assume we continued
to combine the parameters with the concepts and provide access to
them through the ABC dictionary. If four different parameters
are added to the average concept composed of five permutable key
wvords, these four additions will create four new concepts or the
requirements for the alphabetizat? of six key terms four times;
therefore, 29 lines will be print.d our instead of five and the size
of the dictionary will be increased by a factor of six. Because of
the current rate of growth and the need for supplements to and
accumulated editions of the ABC dictionary, this method would re-
sult in the production of very bulky and also repetitive reference
torls,as not only the added parameters but also the (five original)
contents terms will ‘be rotated and reproduced each time.

The increase in computer time and cost of reproduction will be
in proportion to the increased size of the dictionary, but the
difficulty of organizing and using the dicticnary will also be in-
creased considerably. We have, therefore, decided to exclude the
parameters fiom the dictionary and to print the information on
catalog carda, The parameter notation will be fournd at the bottom
of cards which constitute the so-called ABC card catalog, that 1is,
the file where the searcher locates the titles under the concepts
he has selected in the dictionary. Furthermore, the same information
will be printed out on the top of additional title cards and made
accessible in a separate file through the following arrangement:
Cards regarding a specific parameter will be subdivided in alphabetic
order by names of systems, devices, instruments, components, etc.,
and these subdivisione organized by the numerical (parameter) data
filed in ascending order. For example, behind the guide card for
the parameter, frequency, we will find such subject headinge as:
Amplifiers, Antennae, Diodes, Oscillators, Switches; and under
each of these subject headings the pertinent titles on separate
cards filed in numerical order according to the frequency (ranges
of frequencies will be represented by two cards, one to be filed by
the minimum and the second by its maximum value).

4,2,2 Descriptive Information

By the formulation of very specific and complex concepts, the
ABC method facilitates direct access to correspondingly specitfic and
complex information. This versatility was alsoc used in the first-
generatior dictionary to advise the user of the types or forms of
analyzed publicaticns in the collection; if they were analytical
or title bibliographies, collections of papers (symposia or pro-
ceedings); if they covered a small perlod, a major segment, or the
complete entity of a particular research or development projec-t;
if they reported on a theoretical study, an experimental investigetion,
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or a test; and 1f they were addressed to the student, the generalist,
or the specialist.

These very detalled descriptions by form and type of publication,
and by level of t.:2atment led to the specific entries in the ABC
card file. Because the use of the card file was not eliminated and
the development of a more condersed and efficient dictionary was
desired, we decided to provide the information concerning the format
in a different and economical manner., In the future, the second-
generation dictionary will convey only subject matter in most
precise statements or concepts; but on the individual title cards
of the ABC card file, letters will be added to the shelf number in
order to denote whether the particular title re.resents a bibliography
(b); a collection (symposium or proceeding) (c); a theoretical (t)
or experimental {e) study; or a progress (p) or summary (s) report.
These symbols will be determined at the time the concept is being
prepared or standardized; and they will be used to establish and
print out subheadings under the respective asterisk terms in the
card catalog and to guide the retrieval operator in his selectlon.
These are not to be confused with the subheadings in the dictionary,
some of which are being carried over (into the microachedules), to
be used to aid in searching for the appropriate concept.
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5. CONCLUSION

5.1 Second-Generation ABC Method

This report is an introduction to the presentation of the test
data and evaluations, which will be published in a few weeks. In
these concluding paragraphs, we wish to emphesize the characteristics
of the second-generation ABC storage and retrieval method, sum up
the basic problems we encountered in planning and performing the
test, and call attention to some areas requiring further investigation.

The second-generation ABC system is a hybrid in as much as
subject classification has been superposed on the otherwise pre-
dominantly alphabetical arrangement of ABC concepta. Both types of
organization supplement each other most effectively. The alphabetic
arrangement of the standardized concepts has the great advantage
of preparing a large amount of information for fast and meaningful
access, because it is "the most highly successful ordering pattern
based upon tradition with very little components of natural order
or logical order,"ll 7Its disadvantage (at least with the available
program) is its inability to furnish logical order in the specialized
subject areas, that is, under the key words. This deficiency is
overcome by the subject classification in these areas, which should
be distinguished from systematiic schemes covering large subject
areas., Because they are pre-conceived and pre-prepared, all com-
prehensive classification schemes are difficult to adjust; and
because they are linear in structure, they lack the flexibility of
incorporating the new aspects and the new disciplines of the rapidly
expanding science and technology. They separate as much subject
matter as they bring together. However, in a very narrow and specific
field (under a keyword) they permit a logical organization that is
acceptable and helpful.

Through the ABC dictionary and retrieval method, an interface
has been established between the scientist or engineer and the
contents of the collection. The investigator is no longer required
to discuss his problem with a documentalist and to assume that his
problem is correctly and fully understood; or to possess "the a
priori knowledge... of that which he is requesting in order to pro-
duce a successaful output.'12 When he opens the dictionary with a
general or incomplete formulation of his requirement, the contents
of the collection are not only displayed before him in a language
he fully understands, but the multidimensional characteristics of
the presentation lead him to more precise definitions, to a clearer
recognition of his task and its complexity, and to information as
broad or as specific and as theoretical or es practical as he may
desire. The system iteelf serves an educational purpose, in that
it gives the researcher more than he brings to the information

llxelley, Jay Hilary., "The Entropy of Knowledge, §peculations

Toward a Theory of Information Retrieval,” 10 Nov. 1964, p. 9.

lzIbid.

;4___________._..............-.--------l-lIlll---llllllllllllll




office, and at the same time, enables him to develop end adjuet
his own search strategy and to select those areas or subjects he
wishes to cover whether close to or removed from the criginal formu-

lation of his question.

 The retrieval operation using the second-generation ABC
dictionary is graphically shown on Figure 15A.

Since the investigator or searcher makes his cwn selection
from the collection, he cbtains the information he needs faster and
at a lower cost. In Figure 16, the ABC retrieval process is com-
pared with a characteristic retrieval operation performed on the
basis of a corrdinate indexing system. In thils latter process, the
questioner with his yrotlem in mind must first fuce a documentalist,
who will prepare the g«nv2l. strategy and the program as soon a3 he
believes that he has understood the investiga-or's question. The
program is then punched, insc:ted intc a computer to recall the
corresponding information from its memory, and in most cases, the
print-out 1s checked for adeguazy and pertinency by & subject spe-
clalist prior to its relesse.

The ABC retrieval method on the other hand recessitates only
the following steps: '

1. The ecreening of the dictionury for the ideniification
of the appropriate concepts {Ly the asterisk-term and letter code);

2. The inspection of the card catalog under the term-code
combination and the withdrewal cof the pers ;rcn documerits by acces-
sion number from the shelf.

It should be emphesized in this conrection that an increese
in the effectiveness of the gystem through streening the diectionary
more intensively will rot effect the efficienzy of the operation
to a proportional extent.

The directness and simplicity of the munual re*rieval cperation,
the organization by parameter, type, and level c¢f difficulty in
two ABC card files, and the automatlc print-out ol wibliouraphiies
by the concept numter ag well as by tiie subtject-groups are othier
gratifying Ilmprovemernts of the second-generation ARC method.

Mcreover, 1t should be consiiered

an advantage that the e.stem
discourages the ignorant frox participatic

noin the input p.oneduxe%.

Q

While in other systems the indexer meyv pl-ok consplousis terms
from the title page, the content tstle, or the tciv of the paper
and insert them (after a process of sta r‘vrc::lzvz*iou), appreyriste
concept phrases can be prepared only by those who are capnbtle of
analyzing and Jjudging thre substance and quality of the pepers. The
results of a selective input and mearingful arrrriaches will en-
hance the quality of the output and decrenrss 41 engt of the
service.

And last bu* ot Jenmst, ta thoase sprercies 1o enonmioret by
treditions and by =cetly Irvnegiments of repo ittoe gtadies and




surveys, cumplex and time-consuming programs and procedures and
inappropriate mschinery, the method offers relatively simple,
flexible, and apparently economic solutions to the problem of dis-
playing current scientific and technical information in an under-
standable, meaningful manner for selection by the sclentist and
by the engineer at the work bench as well as in a supervisory,
planning, or executive position.

5.2 Characteristic Aspects of Test Preparation and Performance

The design >f the test and its procedures for the performance
and evaluation proceaded in the presence of various major diffi-
culties. To conluct the test to obtain meaningful data, we had
to create a true-to-life situation, In addition, since the
obJective of the project was to evaluate the system as such and
not its operators, we had to eliminate the human error factor at
least to the extunt that it might exceed the permissible or ex-
pected tolerance; and we had to weight the distortions caused by
human subjectivity at every step of the test activities: the
selection and compilation of the collection, the preparation and
standardization of the concepts (or subject approaches), the
formulation of realistic and pertinent questions, the test perfor-
mance consisting of the identification of the significant concepts
and the apprc¢ -riate documents, and finally the evaluation itself,

A further complication was added in that this test was not
separately funded, but (with the exception of the information
analysts) had to be conducted by "volunteers” who under the pressing
burden of their main asslgnments in the laboratories did not al-
ways cherish thelir role. For many of them the test provided the
first opportunity for an actual contact with the ABC retrieval

method.

Because these difficult problems and situaticns were recognized,
we introduced as many controls as pcssible to take advantage of the
digadvantages of the situation,

Size, scope, complexity, quality and currency were the deter-
rining factors for bullding a test collection to give meaningful
and representativ: responses to realistic questions.

The controls used for the formulation of realistic questions
were twofold: 1) some questions were generated on the basis of
papers randomly selected from the collection and others on the
basis of only a general knowledge of the scope of the collection;
and 2) the questions suggested by one group of sclentlsts and
engineers were screened, evaluated, reduced in number, and stan-
dardized by a second group of research supervisors and adminis-
trators. We do not claim that this procedure was entirely successful




but we preferred it over the suggestion that questions actually sub-
mitted to the library by laboratory perscnnel during the last year
should be used because a check indicated that these verbalized
questions seldom reflected the true requirements of the iuvestigators.

The retrievel operations themselves were performed with a variety
of control measures, by three different groups: 1) the scientists and
engineers who had formulated the questions; 2) the research analysts
or producers of the concepts; and 3) the HDL librarians (reference
librarians and catalogers). We divided the first group (scientists
and engineers) into two sections as a control factor: to determine
vhat bias resulted from retrieving one's own question.

To determine the difference in details required by experte and
generalists, we tested two different ABC dictionaries. A KWIC title
list vas used as an additional control factor. In this way, we ob-
tained 12 test data for each question. The sequence of tools used
wvas altered to determine the possible bias produced by the sequence.

To provide for an objective assessment of retrieval, the quality of
the paper on which the test question was based was used as the standard
of measure; for the freely-stylsd question the quality of the retrieval
was determined by its relevance to the query.

The adequacy or inadequacy of the concepts sele.ted by the various
operators from the ABC dictionaries was evaluated in the following
manner: 1) the various combinations of individual elements contained
in a given question were rated on how well they reflected the intent of
the problem: excellently (+), adequately (=), still usefully (-), or
inadequately (o0); 2) these a Priori established combinations and their
ratings were then applied to measure the usefulness of the selected
concepts, While subjectivity may obscure the lines that separate the
different ratings, the sliding scale makes it possible to identify
the concepts that are completely worthless and unrelated with regard
to the gquestion. The number of unusable retrievals will be used to
determine the extent of operator error and will provide for an erro:-
veighted relevance ratio.

If the test data should offer a sufficiently broad btase, & study
will be initiated to determine the qualifications or characteristics
of a good retrieval operator. It would be based upon two samples of
10 operators each: one for those who had been consistently successful,
the second for those who had consistently failed. By selecting certain
factors such as education, length and type of experience, papers and
reports published, patent disclosures, etc., and by preparing one
rating scale for each of these factors, we would produce profiles,.

With the sum of the welghted factors, grades for each iidividual and
frequency curves may facilitate an answer to our gquestion.

0




per title amounted to

APPENDIX A

The Cost Factor

To comply wlth a number of requests, one of which was included in
a review of the first report, we have kept an account of the money
spent to organize the test collection in accordance with the ABC
storage and retrieval method.

We are aware that absolute cost data are of no significance unless
they: l) are related to the quality and utility of the service;
2) can be translated into price scales that prevail in different
countries and localities; and 3) can be adjusted to fit particular re-
quirements., In every iustance one must also consider the cost of
other methods, especially the current method one wishes to replace,
since s comparison can be meaningful only if an eventual increase in
cost caen be measured in terms of resulting improvements,

We have, therefore, reduced all expenditures to unit cost, that
it cost per title; and wherever feasible, given an indication of the
time irvolved in the individual operation.

a. For the selection of the test collection

and the preparation and standardization of the

concepts for 3650 accepted titles - total cost

was $1C,674.60 and the unit cost - $2.91
b. For the input into the computer memory

we required an average of 6 punched cards per title.

At a unit cost of $0.07, the cost per title was 0.42
¢. For the print-out of 3 different catalog

cards and one bibliographic listing of the collection,

a total of 24 lines per title at $1.00/minute (1410)

machine rental, the cost per title was 0.11
d. For the KWIC title list ( & non-essential

tool for the customary reference service) about 5

lines were permuted at $8.00/minute by way of the

1410 computer with a per title cost of 0.06
e. TFor permuting LOOO concepts with TO94 computer,
the total cost was $150.C0, and the cost per title 0.04

£. TFor the printirg of the ABC Dictionary with

the 1410 computer, the cost for an average of 6 lines
: 0.01

TOTAL $3.55

NOTE: Additional cards create a cost increase of up to $0.02,




In the expenditures we included only the cost of printing one
dictionary. Every additional accumulation requires another printing
of the same title, at a title cost of $0.01., If therefore the
average title added to the collection will be published in a second
accumulation during the first year, and then be included in the
yearly accumulations in its second and third year, the cost of
three accumulstions must be added, an increase of $0.03 per title.
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APPENDIX B

Divisions of the Classified Catalog

Applications of Solid State Devices
A0, General

Al., Communications

A2, Computers

A3. Power Applicetions

AL, Control Applications

AS, Instrumentation

A9. Other Applications

Basic Solid State Device Circuits
BO. General

Bl. Amplifier

B2. Oscillators

B3. Switching Circuits

Bk, Signal Convertors

B5. Wave Genersators

B6. Pulse Circuite

B9. Other Circuit:

So0lid State Devices

Semiconductor Device Measurements
Ka. Diode Measurements

Kb. Transistor Measurements
Conductive Devices

Diodes and Rectifiers

a0. General

al. Point Contact Diodes

a2, Junction Diodes

a3, Area Contact (Metallic Rectifiers)
ali. Surface Barrier Dlodes
Transistors

b0. General

bl. Point Contact Treisistors
b2, Junction Transistors

blk., Surface Barrier Transistors
5. Field Effect Transistors

b9. Grain Boundary Transietors
Fur:tional Units

Magnetoelectric Devices

dl. Hall Effe:t Devicers

d2. Magnetoresistive Devices
Other Conductive Devices

el. Resistors

e2. Symmetrical Varistors

e3., Cryogenic Devices

e5. Negative Mass Devices
Photoelectronic Devices

f0. General :

fl. Photoconductive Devices

£2. Photodlodes and Fhototransistors
£3. Photovoltaic Devices




H.

Luminescent Devices

Other Photodevices

hl, Photogenerators

h2. Quantum Convertors

h3, Optlical Filters

hl, Polarizers

Thermal Devices

k. Therinistors

nm. Thermoelectric Devices
n. Other Theroelectric Devices
Magnetic Devices

p. Ferro and Ferrimagnetic Devlices

pO. General

pl. Altenuators

p2. Isolutors

p5. Phase Shifterc

pi. Circulators

p>. Amplifilers

pb. logic (Memory) Elements
Q. Paramagnetic Devices
ql. Masers

r, Other Magnetic Devices
Dielectric Devices

g, Ferroelectric Devices
s0. QGenerel

s8l. Electromechanical Transducers
62. Memory Cells (Storage Elements)

83. Amplifiers

. Other Dlelectric Devices

tl. Fixed Capacitors

t2. Varlable Capacitors

t3. Space Charge Limited
Dielectric Devices

Other Solld State Devices

u. Superconductive Devices

ul. Cryotrons

uz2. Crowe Celle

t

v, Ele~tromechanicrl Devices

vl. Plezoresistive Devices

We Micnetomathanienl Devices

wl. Magnetostrictive Devices
z. Mieellaneous Devices




APPENDIX C

June 10, 1964

TO: Distribution
FROM: B.M. Horton, Technical Director
RE: Cooperation in Test of Indexing System

1, The Defense Department has asked us to run a test of the
effectiveness of our irdexing system for information retricval.
The test is under the general supervision of Dr. B. Altmannm,
our Technical Informastion Officer, but he will need your help.

2. I ask each member of the Editorial Committee to cooperate as
requested in the selectioun of test questions and in the evaluation

of test results.

3. I would like for each Laboratory and Division Chief to cooperate
by assigning subject matter experts as requested to help the
Technicel Information Office and the Editorial Committee.

4, With adequate participation, each person involved will need to
devote o the task not more than six hours during a two-week

period,

5. Area Intelligence Information Offizers will arrange details
of laboratory/Division cooperation.

6. The test will be run on a sample of LOO uocuments randomly
selected from a collection of 4,000 documents in the field of
solid state devices, circuits, and their epplicatlon., HDL per-
sonnel are now preparing questions based on the-~e documents.
These questions will be put to the incex of these documents
prepared by the HDL system; the docurents retrieved as a result
of thils process wlll be evaluated for relevance and coverage as
a measure of the effectiveness of the indexing and retrieval

processes,

)/
. ‘/, )//‘ /’/ ,/';/‘?\

B.M, Hortor

IR/bwh

Distribution: Lab and Div Chilefs: Hardin; Som. .ij Hatcher; Hoff;
Nilson; Flyer; Campagna; DeMasi; Lardils. Editorial Committee: Eilchberg;
Godfrey; Moorhead; Dlstnd; Vorkirk; Bryant; McConekey; Knlmuc; Dr. B.
Altmann. I, Rotkin.




Preparation of Test Collection and Retrieval

o . o Tools
coe DDC :
Cards Cards 3
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Preparation of Test Questions

/:é’at
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\ File |
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DUIDFIIN& FOR QUE)T’ON FOHMULATION

There are three sheets of 20 titles each attached. These’titleé Lave

- been selected from a listing of 4OU such titles chocen randomly rromﬂ,ﬁ_f

‘the entire test collection of 4000. They are arranged 3o that tegin-

ning on the first page, the titles cover the area that you indicat=d
an interest in. Since the requirements of the progrem make it
necessary thet each individual prepare at least six gquestlions, pleuasc
select four titles from the first page and the remaininb ones from
each of the tollowing pages. :

The questinnt should be written in such a manner that-
a. They are answerable by the article.

b, They are limited to the major findings, methods, devices,

parameter s, etc. discussed in the article. ~
c. They do 10t cover general introductory or historical materiul.
d. They are not vas=d on footnotes or material incidental tc th;
major tojlc of the article,

The articles used in this portion of the test are set aside in a
special section of the library and can be located by consulting
the librariar. :

The last thre: weeks in June will be allocated for the formulation
of these questions.

When you have prepared the questicns, please submit them to Miss X.
Rydlewicz, Rcom 207, Bullding 92.

The following 1s a sample of the form to be used in preparing ihe
questions. Tiese forms will be placed on the circulation desk
at the entran:e to the library.

TIO Records (nformation (leave blank)

Question:

Document Identification: (perlodical name, volume, date,
and pueyge)

Name ; o Branch: Ext:

Evaluation ot Queetion: (leave blank)

Fijare

i,

5




Evaluation of Questions

Qestion:

Document :
Criteria for evaluation L
1) Question should be concerned with eignificant aspects of the paper.
2) Several questions closely related in substance or differing only
in terminology should be combined.
3) Question reqguiring modification should be rephrased.
Approved Formulation:

'Asaigned to: Branch: Ext:

Accession numbers of other documentse which should be retrieved. 1In
comparison with basic document:

Of Greater Value Equal 4in Value Of Margiral Value

10
o 2-
3.

| L7
Flgure 4




Retricval Form

Name: Br: Ext;

Question:

“Basic Document:

Time of Btart; ' Stop:

* Term Code Accession Nos.

Figure 5




- Fvaluation Procedures
All
Questions

— e m

N | ’,:a - ‘0 )
Ewluators

Retrieved . e
Documents . GTPs 1 and 2 :

T,
~ . . e
~ i

Question “-]
| | -
;h/aluators o ; +R:m:lg ’

e < orp II
Concept o> | 4 '

f—= e
KWIC title |

Question I

Evaluators

o . ' + = - 0-
Document | © . GrpII I

retrieved ! s

Question

i
Vo
Search hy
_Group TT / o~
i ~ Evaluators -
T ‘ Group II !
Additional !
documents

Figure 6




Evaluation of Test Besults.

Nanxe:

group:

Team:

Question:

Basic Document:

Titles Retrievea
(For Group I and II)

Pertinent Titles Not Retrieved
(For Group II)

Accession Nos. = !4+l O} Accession Nos. . =4 -
1. ’ 1.
2. 2,
3 3.
L. be
- Do 5.
6. 6.
To 7.
8. 8.
9. 9.
10. 10.

rigwe il
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A
A0

REBHEEBES

Second-Generation Subject Organizatién
(S8ample: Key word "Amplifiers'')

General

Reviews, Surveya, Biblicgraphics, Handbooks
Gain Control

Multietage

Noise Conaiderationa

Diseipation

Distortion

Feedback in awpilfiers

Capacitance in amplifiers

Miniaturization

Frequency response

Theory and Design

HEBER|”

Analysis and synthesis
Design

Stabilization

Research and development
Survey (see A0Q)

Freguency

D.C. .
Audio .
R-F [ : ’ .
Microwave

Millimeter wave

Infrared

Optical

Filgyure 15




Classification by Function

Intermediate and Carrier Frequency
Wideband and Narrowband
Linear

Differential and Difference
Pulse

Operational

Low-Noise

Decade

Phase-Inverter

low Distortion

Bipolar

Selective

Phase-Splitting

Frequency Converter

de" 31@1-, Low- Pass

Classificatisn by Mode of Operatina

ggnAEnnEgHEagy

oy

Single-ended
Push-Pull
Yeedback
Switching
Tuned

Pridge
Chopper
Parametric
Maser

laser
Negative
Caseade
Distributed
Traveling Wave

Classification by Active Element

das3

Diode (includes tunnel-diode, negative impedance)
Tudbe

Transistoy

Magnetie Material

63



Classification by Level

Low-Power
High-Power
Impedunce
Voltage
Current

Classification by Class of Operation

Class A
Claes B
Class AB
Class C

Classification by Specific Application

64

Radio
Televigion
Telephony
Telegraphy
Computers
Power
Control
Instrumentation
Medical
Optical
Industrial
Telemetry
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Retrieval using "ABC" and "Coordinate Indexing-
)
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Query

.- Query
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7 documentalist -
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Program Query
Search Para-
meters
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Test Operations by Groups

Group 1 Group iId
Group 1*  Group 2° Group 3°
A B
I. Preparation of Questions:
Type a: Document - Bused 22%
Type b: Freely - Styled 36

II. Standardization of

Questions: ' ‘
Type a reduced to: 100

Type b: 3%

III. Test Runs:

Own Questions Type a: 5 50
Counterpart's Questions RN
Type a: : 50" V50 100 100
Type b - Questions: 36 36 36 36
TOTAL 1% 1% 1% 1%
IV. Pre-evaluation of Results 136 136 136
V. Final Evaluation of 1%

Results

Fﬂonsists of: U1 HDL scientists and engineers.

bConeists of: & Analysts (Georpge Washington University),

CConsists of; 6 HDL Librarians.

dConsists of: ca 30 senior scientists and engineers including those

of other agencies.
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Sample of Purumeters (First-Generution)
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I. Present Sysctem

The over-all planned system for library automation is shown in
Flgure A. The function of each of the functional blocks of the
planned system 1g us indicated. However, at the present time, only
four of the indicated functlon: are operutional: descriptive cata-
loging, subject anulysis, APC diectionary upduting, and subject card
catulog updating. in more peneral terms, these four funcotions ure
convenlently grouped together as only two broad tunctions, namely,
cataloging and ABC dictionary updating.

It should be emphuslzed that the presently operatiny versions
of these systems for cataloging and APRC dictionary updating are not
the same as those planned for implementation in the future, Geveral
refinements for more simple operation as well as for more attractive
outpute will be incorporated Into the final system. However, before
proceeding to a description of ‘he rinal system, those portions of
the systems presently operating will be described.

Flow dlagrums of the two presently operating systems are
shown in Flgures B and €. It should be noted that each rectangular
block in these flow dlagrams indicates a separate computer program,
The circulur symbole are tapes, with the drive numbers on which
they are mounted indicuated aus "DK x" where appropriate.

A. Catuloging System

At present the cutaloplng system produces two-part accession
bulletins, cataloy cards, and appropriate files of information on
magnetic tape. The two-purt accession tulletins are composed of:
#) u bibliographic listing (in broud-subject-catepory order) printed
by the Bulletin Print prorram, und b) A KWIC rotated title list pre-
pared from & tape output ot the Balletin Print program by the BE-PIP
(Bell Permutetion Index Progyrum) 7090 propram, supplied by the TBM
SHAKE system from the oripinal antioer, the Bell laboratories. The
catuloy cards are printed from a tupe prepured by the Bulletin
Print program only after this tape Lus bLeen sorted into approximate
£1liny order for case of placing the cards in the catelog drawers.
The taupe flles malntalned are useful for such operatlions as sub ject-
card-:ataloy updating, and the possible printing of additional
catulcys and llets (such us tie reeently provided lists of corporate
authore snd contract and project numbers). The operution of the
catuloping system (Flpure B) is ss follrws:

1. As lnput to the cautulopging cystem, TEM cards are punched
in a formut desiyned cspecially for thls npplication., These cards
are punched from u worksheet (Filgure D) on which each line rep-
resents 4 single IBM punched rcard. In this tormat, the shelf
number of each item (cird colums 1 -- &) 1g repeated on each
punched card, as is the Grp/se: (Broad-Subject Cutepory) number
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(Column 74 -- 79).* Thus, the cards to be cataloged for a given iter
are easily sorted together on these numbers. However, in order to:
a) identify what portion of an entry is signified by a given card,
and b) properly sequence the cards within a given type of card (say
a title card), two additional numbers are added to each punched
card. These are the card numbers contuined in Columns 10 and 11.
The first of these (Column 10) indicates the type card, according
to the type of information entered into it (report number, corpo-
rate author, contract/project number, title, personal author,
subjects, etc.). The second digit (Column 11) merely provides for
proper sequencing of vards within a similar type (Column 10) entry.
The data whicn are subsequently used for printing are all (except
for shelf number) punched in Columns 12 - 62,

2. IBM punched cards are put onto tape with the TFG-B program,
which 1s a utility program supplied by IBM.

3. The tape images of the cards are then sorted into order
by the Sort/Merge 11 Program supplied by IEM. Sort/Merge 11 is
used in making all sorts and merges indicated. The order into
which the card images are sorted 1s ihe following:

a, Subject-Category number,
b, Shelf number, and
¢. Card sequence number within ea~h cataloged item.

4, The card images are then run through a purge program, which
deletes any items containing detectable errors. These items may
then be corrected and re-introduced into the system in the next
run.

5. The records which are not deleted by the Purge Program are
then used for two nurposes. In one instance they are merged with
the input file (on tape), which is a file of all records which have
previously been entered into the sysiem. The other use of the rec-
crds 1s as input to the Bulletin Print Progrum,

6. .The Bulletin Print program prepares several output tapes
while 1t 18 printing a bibliographic listing of all valid items
entered into it. One of these output tapes, DR 1, 1s sorted for
subsequent use in printing catalog cards. Another tape, DR 4, 1is
used as input to the Bell BE-PIP program used to prcduce a rotated
title 1list. Still a third tapz, DR 5, 18 used to maintain a Pa-tial
Sub Ject File for subsequent use in upduting the subject card catalog
with the ABC dictionary updating system.

7. The sorting of the Drive 1 output tape (the main cataloging
output) is done in the followirg way:

a. Card type (shelf number card, Project number
card, report nuzber card, subject card, etc.)
b, Duata entered onto the card sorted upon.

*Only the first three positions are currently used. These
represent a broad subject catepory, which 18 used at present only
to organize the periodical accessions bulletins into subject
categories. Thus, the primary sortings of inputs 1s by this subject
category, the secondary sortiny is by the shelf number, and the
tertiary eorting is by the two-digit card numbers (Columns 10 and 11),
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In other worda, the tape file 1s sorted first upon the type of card
catalog entry io be made, and second, upon the alpha-numeric
information of that particular entry,
. 8. The Curd Print progrum has only to print the sorted output
from Drive 1 of the Bulletin Print program to create a sot of ,
catalog cards that are in approxinate filing order. The sorted tape
i8 also used to udd tu the tape file of all cutaloging information,
9. The Drive 4 cutput tspe from the Bulletin Print program is
run through a serles of progrums to produce the desired outputs,
The first such progrum ie the previously mentioned BE-PIP program.
Although this program produces several output (tape) files, ouly
one is utilized for the cataloglng system. This is the second file
contaired on Drive A-5. This tapz 1s entered into a 1410 program
which does two things: u) 4t printc the rotated title listing, and
b) 1t puts the file out on another taps, as the first file on ithat
tape., This output (first-file) tape is then marged with the file
of all rotated titles thus far entered Into the system. This lenge:
file muy be uted to occasionally print rotated liste over longer
periods. )

B, ABZ Detionary Updatinge Uysten

The ADC Dictlonary Upduting System (Fipure C) mast perform
geveral functlors. To Vej-in with, 1t must provide for muking
additione and chrnpes to the ontrles in the diectionary. The changes
ure reeded in order to turthor slandardize terminolopy and asterisk
terms. The wdditions, ot course,w1311 always be reedid in any open-
ended gystem, But unother tunction, that of making deletions, alse
is needed. Altrough this would appsur simplest of all, there 1s an
additional requirement that, slnce uny deletion is made only in
order to combine entries having similur mennings, the reports

~cataloged under the deleted entry must automatically be translerred
to the other entry having the eame meaning. The operation of the
system 1s ag follows:

1. The old version ot the dicticuary lnput tape und a tape of
the desired changes are entered into the ABC Dictionary Update
program, The types of changes are additlore, changes to current
entries, and deletions with replacements. The propgram produces
three output tapes: 1) a new updated version of the dictionary in-
put tape, b) a list of deletiuns und their replacments (on tape), end
c) a 1list (on tepe) of all valld asterisk terms for each coded item
in the new updauted version of the dictionary.

72, 'The new dictionury iupnt tape 13 inen entered into the BE-
PIP program (the same one used In the Cataloring system) ro as to
produce & 1ist (on tape) of rotuted concepts. Also as in the
cataloging system, the BE-PIP Drive A-5 Huiput tape 1s printed and.
made into a first-file tmpe, which can be used to print additional
coples of the dictionary more rapidly. This is all that is re-
Quired to update the dictionury itself.

3. Both of the ather tapes from the ABC Dictionary Update pro-
gram are sortecd into code order (sepnrately), for entry into additional
programs. ‘
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4., The Drive U output from the Dictionary Update program
(sorted) 1s entered into the Delete and Replace Asterisk Terms
program, along with the Drive S output from the Dictionary Update
program (sorted). The Delete and Replace Asterisk Terms progrem then
inserts the proper asterisk terms for the coded items which are re-
placing the deleted items, and the results are written out on the
Drive 3 tape as changes.

5. The Drive 5 output from the Dictionary Update program is
entered (sorted) into the Compare and Change Asterisk Terms program,
along with the Drive 5 cutput from the previous updating run. The
Compare and Change Asterigk Terms progrem compares each set of
asterisk terms for each coded item, and whenever the new asterisk
terms are differen*. from those previously used, it writes these new
ones out as changes on Drive 3.

6. ~The two Drive 3 output tapes from the Delete and Replace
Asterisk Terms program and the Compare and Change Asterisk Terms
program are then sorted together, and are entered on Drive 2 into
the Change Reports Subject File program,

7. The change records on tape Drive 2 are compared with the
Reports Subject File records on Drive 1 by the Change Reports
SubjJect File program. This program then produces three output
tapes. One of these tapes is a new updated version of the Rerorts
SubJect File, containing all changes caused by the updating of the
dictionary; this is the Drive 3 output. Another output is that on
Drive 4, which is the sams as the Drive 3 output, but which contains
only the 1tems to which changee have been made, rather than the
entire Reports Subject File, The third output is that on Drive 5,
which 1a a 1list of any changes for which reports were not found.

8. The Drive U output is then sorted on its asterisk term and
code, end is put into the normal Card Print program to produce
additional entries to the subject card catalog. It should aleo be
noted that, although it is not shown in the dlagram, the Drive 3
output file must also be re-sorted before being used aguin as the
Drive 1 input tape. :

II. Planned System

The final system presently in the development stages will be a
substantially modified version of the presently operating system.
In general, the final system will incorporate such changes as: &)
somewhat expanded main cataloging tape record to allow for insertion
of codes to tie together similar bits of information that are parts
of the same entry; b) a two-level sorting field in the maln catalog-
ing tape record to allow for sorting of catalog cards not only by
the primary data (such as the corporate author) but also by
secondary data (such as a report number or proJject number); c) an
automatic procedure for calling in various programs as needed to
process those transactions for which entries have been made (such
as cataloging, charge or discharge, request for purchase, etc.); and
d) the ability to process records for all types of materials current-
ly held by the HDL library (books, periodicals, reports, proceedinys,
etc.) rather than merely foir technical reports. The operating




characteristics of this planned system are approximately as follows:
1. As in the present system, IBM cards will be keypunched
from a specially formatted work-sheet. However, in order to allow
for additional needs of the planned system, such as the lcnger
shelf numbers used for books, the key punching format i1s somewhat
different. The planned work-sheet is shown in Figure E. On thise
work-gheet there are two card columns (1 and 2) which indicate the
nature of the transaction being processed (cataloging entry, purchase
order, charge/discharge, updating of previously cataloged material,
etc.) and the type of document to which the transaction applies
(periodical, book, technical report, bound periodical volume,etc.).
Another added feature 18 the incorporation of a Change (CHG) column,
which permits the correction or deletion of previously punched cards
by the method of simply replacing or deleting them with another card,
rather than locating them in the deck, Similarly, the card being
punched may also be rendered invalid by putting the proper punch
in the CHG column. There i1s also provisior for using the CODE
columns on all cards, so as to be able to tie together items which
match logically,
2. The punched cards are put onto tape by a speclal Card-to-
Tupe program, rather than the TEM-provided utility progrum. This
epeciul Curd-to-Tape proprum ie needed Lo provide tor changing the
Transaction and Document codes from lettere which are somewhut
mnemponic (n Book is a "B", a periodical s a "P", u Chargeout is a
"C", etc.) to letters which provide the proper sequence of internal
miachine operntions when sorted upon., Thus, the human key-punching
problem 18 made simpler, whille the order of operations in the
machine system is allowed to be optimum,
3. After the enrds ere put onto tape in 80-column format, the
are sorted as follows:
a. Transaction Code,
b, Document Code,
¢, Category (Subject category),
d. Shelt Number,
e, Card Number, and
f. Change Numter, ‘ :
This places all input cards on the taps in the proper segquence, 8o
that those cards affecting earlier operations, such as pre-cataloging
and cutaloging, muy be processed and entered into the master tape
files before those cards affecting necessarily later operations,
guch as charge/discharge, are to be processed. In addition, this
program will provide some reformatting needed for internal operations.
4, A1l of the progrums needed to process the input cards will
be stored on a single magnetic tape, and the system will proceed
from one operation to the next, in order, automaticelly. The only
operator intervention needed will ve that of mounting the proper
tanes and puper forme on the peripheral equimnment when called for
by the progrums, It should be pointed out, nowever, that at least
tvo versions of the system will be available, one for daily runs and
another for weekly runs, There will also be & third option for special
rung to be run only once every three months. '
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5. Cards which are not processed during & given run will be
stored separately on another tape so as to be available for subse-
quent runs in which they may be processed.

6. The acquisitions sub-system of the rinul design allow
for both the purchasing and the requesting of free copies .. all
library materials desired., This system will be Bo designed as to
provide a pre-cataloging tape record at the time of the request or
order, all or part of which cun be used as the filnal cataloging
record, thereby eliminating a portion of the typirng and key-punching
need later. In addition, the system will have the capabllity of
providing budgetary assistance to the Librarlan who selects items
for purchase, When items are selected, they will be assigned a
eingle digit priority (). -- 9), or a special cods for immediate
purchase. Then, when the purchasing run is made, the available
funding will be inserted from the previous rurn, updated i1f necessary,
and the program will esutomatically select all 1tems beginning with
the highest priority (1) until the funds available for the period
have been expended. These will then be sorted by sources, and
purchase request forms will be printed. Those items which are not
purchased will be kept on a tape for poesible purchase during some
future run, sither as the result of normal operations or as the re-
sult of lncreased funding. Items for which orders are subsequently
cancelled will result in the ayailable funding figure being ap-
propriately increased, {

7. The Cataloging process will provide much the same outputs
a8 that of the original system. However, the 3 x 5 inch catalog
cards will be printed out in a two-level filing order, rather than
the eingle level order now provided, In addition, some refiremernts
will be made so as to allow the coupling of additional corporate
authors to additional project or report numbers, and any other such
couplings as may be needed. The new tape formats will also allow
for easier file maintenance operations (on tape).

8. The ABC Dicticnary Update syestem, while much like tna‘ pre-
gently used will have at least one advantage over the present syse*em.
That is, whereas the present system requires the complete running of -
the KWIC program for each update (about 20 minutes on the TO94), the
final version will require the running of only those items for which
changes, additions, or deletions have been made,

9. The automatic Diesemination system will make it poseible to
disseminate materials on the bthels of four criteria — project or con-
tract number, ABC concept, broad subject category, or specisl document
tracings. Thus, it will be poesible for sclentistr who have @ con-
tinuing interest in a particular project or concept to Le notified of
the avallability of newly received information pertinent to that {n-
terest. 1In additlon, special projects having a need for all available
information in a particular broad field may be notified of itse
presence in the system,

10. The Charge/Discharge system will perform all of the functions
normally arpociated wlth the automatic maintenance of chargeout infor-
matlion, However, in the lDIL ernvironment, it 18 neceseary that the
processing of tiese records snllow tor the rapid locatlon of any
item that 18 churped-cur, Tie system will provide for this rneed,
and will, in addition, on request, print out a shelf-list of all {‘exs



that should be on the shelf at any given time, to allow for ease
of making a shelf reading (inventory). The system will also, of
course, provide automatically for the printing out of pre-addressed
over-due notic2s (address information will be taken at the time of
recall from a master personnel-office tupe record). The system
will also provide 1lists of items held by individual borrowers,
either on request, or automatically in the event that the personnel

" tape record indicates the impending leaving of an individual., The

gystem will permit the automatic performance of all transactions by

means of & Frieden Collectadata 30 System or & similar equipment

accepting the identification number of the borrower punched on his
charge plate together with the pre-prepared catalog information
(a punched card produced from a tape).

Over-all, the final system will provide for easier operation,
both by litrary personnel and by computer operators, The simpli-
fication for library personnel results lurgely from the provision
that all cards for all types of transactions can be entered into
the system without regard for batching or sorting. 1In addition,
the final system formats were created with a view to possioly
utiliziasg paper-tape typewriters or even magnetic-tape typewriters,
if such shculd ever be deemed feamsible. Further, the filing of
catalog cards by two levels will be as nearly automatic as possible.
The ease of operation for tie computer uperators is obvious, since
they will no longer be called upon to select a sequence of several

programs and run them in turn, but will merely be called upon to
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mount tapes and so forth as called for by the system at the time of
operation.

The final system will thus provide for a far better man-
machine relationship than the original syetem, and should aseist the
library siynificantly in its operations. .
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